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~ ~ INTRODUCTION* 

• 

Tl~diap:tllBe,~l'l'estillg stage, of the pink bollwol'll1 (PectinoplwNt 
g088Ypiella (Ha£;nd,») has been studied Hlldcr widely ditferent ell
yil'onmental c()l~itiollS, but t.here is still disagl'l~e\llellt as to t.he factors 
which initinte it and limit its durati01l, For 3 yeitrs behavior of 
lal'vue of this inBcdin ])llel'to Rico was studied in relation to definite 
changeB ill the environmental complex so that the factors l'esponsible 
1'01' the development alld dumtioll of the diapause in the field might 
be detcl'lnined, Pll('I'tO]{i('O is tH1 ideal place for the st.udy of diapallsc 
plrenolllella, sillee 10w tplllppratlll'e, the apparent predisposing cause 
ill lllllnyinEects, is not (meolll1teL'cd, In the laboratory controlled 
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experjmen~ wen), conducted in which enVil'Olllnentttl changes were 
introduced iIi. order that the intel'pl'etation of the eti'ect of the envit'on
mental complex on the larval stage might be facilitated. 

LlTERATUHE ON THE DIAPAUSE IN INSECTS 

::;e\,l~l'al theories Oil ditlpause have been advanced, uut, none satis
faetorily explains its causes or the irtctors limiting its dlll'atioll. 
Pietet (33-",:j1)~ has lulvane('d a theory that the diapause in illsects 
is due to It heredittll'Y rhythm more or It'ss lndependent o:t external 
factors and resulting :troll1 !l process of natural sclectioll. Ihum
berger (5) and Rouballtl (.1.1) conclude that dormanc'y is brought 
about b'y scH-intoxkation of. the ol'gall ism due to an aCl'ul1lulatioll of 
ex('roto/T products ill the tissues. COLlsin (l[), p. 31B) 1 as It result 
of (>xpet'illlenls with DucUiet sl'l'ioatt6 C~lefg.), mainbins that the 
(linp!llISeS arc due entirely to unJavol'aule enviL'onnll:mtal ('onditiolls, 
that they continuc ollly so long as these lIn:ru,vorable eOl1cLitions exist, 
and that the ph'L1llonwnoll. 'is not lL necPssill'Y or obligator'y biological 
p['oerss in thu life of thl'insf'eL TJH'~e conclusions werc in part con
fil'l1l('(1 by the results of t\tn>\nikov (.19), since Ill', concluded that under 
nalul'lll conditions the Ill/Tal diapHlise ilt LOX()8/('ge 8ticticalis (L.) is 
brought about brinsliflicientl'y moist fooel, by :food 'w.ith anincreasl'd 
nutritive vallie, 0[' by low temperature. 

Umrov (/ii'3, p. G;3), lhbcock (l3) , and Steinberg and Knmensky 
(4:n attribute tire diapause to a variety of causes, dil'ectly or indi-
Tectly duc to extel'lIaL :factol's of the clwlronnlent and eomplkated by 
mllllif('stations of all ,wquircd rhytlr11l o:f development. lijxperiments 
IJY Spooner (,13) and Townsend (5./) on tire codling moth lIlt\'e sug
g(lsted enzymes as the Calise of dorIlHt.Ilcj'. BOllillu (.h~) hns alLvancccL 
a tllCOI'Y tlrat the embryonic diapause in li{('l(tnoplzM~ d it/,eJ'entiali8 
(Thos.) is clue to :t hypothetical "dirtpause ftletor" whic;h increases in 
amOltnt andinhibils growth, but .is gradually destroyed or itself 
:inhibit('d c1m'.ing exposul'C to low. temperatllre, thus Jibl11'tll:ing the 
inhl'/'('Ilt; (l('\'eJopmelltal :factors. Ditllrnn, 'V('ilan<l, and GuiU (r!O) , 
expl'rimenLing with the COrll eal'WOI'1IL (Hl'liotlds w'migerCt (I-Ibn.» 
COIlC'JII(lrcl Ulat; the pupal diapause is eilusNl by low telllperntut'e dUl'
ing the la l'\'al period and that neither the watl'I' eontent of the pupac 
HOI' the age o:t the corn Oll whieh thc Jarnlc were :feel appeilL'ed to ('Xl'rt 
any innlll~nce un the tendency (rl; the ]Hlpae to ent('I' the dinpausc. 

;rhc most univ(>L':.mU'y rf'Cognizl'd c1ilf('t'Pllcc l)('twecn hihpl'Irating' 
alld lIollhibprnating illspcts iH pt'I'haps the di.JYPI·ellcein watel' content. 
Investigations by Bodine (10: Ll), Brcitl'llbecher (15), Fink (24-), 
Hodson (riG, lJ. fJ90) , and l?ayne (:}1, 3;;~) indicatc that the period of 
hibl'l'nation is eha/'actel'ized by II reduction in the wnter content of the 
insect's 110c1\', whcreas the nnlollnt im'L'eases aftm' hibernation. Bab
cock (.1, )~),'Bodine (.lO, 11), Breitenbecher (.15), Douglass ([21,132), 
li'ink ({M), Hodson (ria), Rice (88), Towns('IH[ (61), alld others htwe 
shown that the presence. of moisture, lIsua'lly C'ontnct moisture, is eS
sentirtl for the L'eHumption of 110L'l1lal Hetiyit.Y of variolls Hpecics of in

'Huli(' IIlImh!'!'!; ill llill'('I1(itl':'!''' 1'l'I\II: ttl Litl'!'at11l:r ('i/('fl. p.2:t 

• 


• 


• 
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• 
sects after the diapanse, In general, hibernation becomes longer tlUtl1 
lIol'mal and is accompanied by a higher mortality in the !tbsence .9f 
moisture, These facts suggest that an increase in the water content 
may be regarded as an essentiiti process interrupting this resting COI1cli
Lion, Brcitenbechel' (,15), Bodine (10), and Buxton (10) have demon
strated that some specie;:; cilll evell obtain this necessary moisture fl'om 
satul'ated ail' 01' fl'Orrt moist soiL 

:'Many investigr.tol's have shown that the diapanse in a lLumber of 
specic's is not caused I)? a reduced tempemture, siucc many species 
('l1tel' a dOl'mant conditIOn in tropical al'eaS or dul'ing the summer in 
tt'lnpemte J:e~ions whell t.he tPll1pcL'ature is still favorable for develop
ment. BaUn1bel'gl~1' (0) concludes that ol'!!tlllisms with a periodic dia
pause prepare for -.it at; a cedain time l'('gardles;:; of the tl'mperatul'e 
that obtains at that time, Cllflpman (,18, p, 1.!3) and Bodenheimer 
(9 p, .1¥J), hO\\'(>\'f'I', a1'(>, of the opi n ion that a Immit any physical re
ad;10n or an ol'ganislIlnlflY be showll to be dUl' in pal't to cIH'ironment 
and iIt pa l'l to }Wl'l'di ty, 

TIH'se tlll'OI'ies as to the CIIllS!'S nn(} termination of diapauses in in
spds ha\'p also 1,('(>11 :4ummal'izt'd by 130yee (lJ), Chapman (18), Cou
sin (If), ~hell'ol'd (.V p, i'IO) , 1;nll'o\' (:j.l), and Steinberg !lnel Ka
Illl'lIsky (.fl) , 

• 
With 1'('Sppct to the pillk 1)011\\'01'111, ",Villillll\:; (;ji.i) in Egypt COll

eluded t!llit Uw, facto I'" dl'tt'l'l1Iilling the ('estill!! stage nppeal' to be It 
combination oJ: food, tl'l11p('L'atlll'p. Illoistut'e, alld l'h)·thm, 13asp([ on 
It limited 11I1II1L('l' of ohs('l'\'ntions, TayloL' (5U), in Uganda, considered 
that the I,t'stin~ stage is induel·t/ by n(>sti\'al comlitioJls, He concllllled 
that the l'Pstillg sbigeis eallsell bi· any fa(1tor or factol'S that l'ecluC'c 
the ",alp!: contc'nt of tllp hLTlU', i, P .. high tel11pel'tlture, low humidity, 
px('('s:4ive (wllpomtion, dry food, or laek of l:ainftt1!. He states that~ 
ntillfall pf -10" to (lO" di~[Tihlltt'!1 lhl'oug-h 11lO:,;t IIlOlIth:; (If the Y~'ar, tl l'elaUYcly 
lIigh IIlPllll daily humillit~· (.('X(,P('(lill~ iiO'7cL Ull(l It lIll'Ull daily tClIlIH'I'atllre 
in tlip ll('i.~IiIIOlll'h(JfJll (Ie 7()~ l", with :I IllllXillllllll l'Ul'ply ,11101'(' !lOO l~ allil a lIIilli
1I111111 ot: almllt ;;0" I", togl.'thcr inducc short Cyele dl'\,clolllllCllt without a flia
Jlall~l'. 

fhllal'(l C,]) 110{l'l/ thal in Illdia during the hot months the lru'\'al1ife 
wn,; hwgcL' lhan latN' in the year, thereby suggesting that exccssi\'('Ly 
high lClIlp('I'atlll'l':l d('l'n'ase the I'll!:C of (le\'elopment of the JalTae" 
",Yokott an<18ein (:j6), in Pu!'do Rico, found that the dia.pause de
n'i{Jps during the months 01; ;ranual'y to April-the dry period Oil 

t}1(~ :4outh ('oast-while 110 1'('Sling laI'Y:I(' Wl'I'l' round Oi1 the north 
('ollstdlll'illg thn months of Spptl'litlJeL' and Oeto\)el', ,:hc rainy spaSOI1, 
01' at the ('!lel of th!' hal'\·ps!:. 

Squire (·14), wod;:iug in the Lesse[' .,Antilles, helit'w's thaI: tll(' I'estin,r 
stage has little to do with w('athel' 01' Sl'a;C;OIl bllt is in sOllie wav eOl~ 
Ill'tted with the nge of tIL!' Cl'OP' Hp eOIlt'ludes that the diapallsc was 
ind11l'pd by dry find rielL :food towlu,d the ('nd of thr crop ilTe,;pective 
of' t!\(' time of y('al' at whic'h this takes pla('(', He, nl~o found thnt 
lalTal' that (]('n'lop fl'Ol11 (lOW('l'S Ol' gl'l'(,11 bolls do not r<,~t. 

Brdford (7). in tltt· ~lIdnll, also coneluded that the pPI'ioil dUI-ing 
whieh the pink bollworl11 siartt'd to pl'odu('(' ('Psting 1:t1'\':1(' vtu'.ied 
uf'l'(jl'(ling to tilt' dnt(' of phlntillg and til(' ng(' of till' crop, 11(' ht'li(,\'pd 
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that tho factors diL-eeLly responsible for the diapallse were 1I0t entirely 
climatic or due to lack of food, but wero influenced by checrical changes •. 
in the comp • .,;it-ion of the food as the plant reached a state of matmity. 
StOt'cy (48), in Egypt, {Llso found a rapid iucl'ease in }on~-cycle larvae 
(in the cliapause) at the end of the seaSon. However, Johnston (128, 
lJ. '20), ill the Gezira of the Sudan, found that most of the lal'vlle re
maining after the destrllction of the crop were of the shol't-cycle type. 
BI.'e<lo (1.1.) states til{tt in the Belgian Congo, as in Tanganyika, no 
t'('sting .larvae WCI'(~ found alllong the seecls at the end of the cotton 
S('IIS011. 'Wi lIeoC'ks (:j.~, p . .1J{j).i 11 Eg,Vpt, is of the opi nion that the 
diapause is IL ('olldition or 1l('sti\'lltion, IUl adaptation to tI, minlesB 
IWl'iod wlwn its :food plallh; are not fruiting. Gough (35) , also in 
Egypt, states that it nppclll'S lH'ohabl(' that hibernation of full-fed 
larvae isi nd uC'('lll,y th(' t:em PPl'lltlll'C 0 f thei t' Blll'l'Ollnd in~s at: the time 
of t\wil' l't'aehing ll1!lt\ll'ity, 

fll thl,} Lagull!1 distl'id: of Mt'xieo, Loflin, McKinney, and Hanson 

(,10) l'p~al'(l tilt' resting st.ag(· as IL cOlllbination of aesti\'atioll and 

ltibl'I'lllltion, Rit1('C' it' bC'~in"in ~\llgust whill' food iR still abundant and 

til(' tc-mp(,I'utlll'(' is high, III Xo\'('ml){'r and Dl'('('lIlbcl', when till' fem

ppl'atlln.' is 10\\'('1' alid. IiUk food is anlilabh', the shol't·eyC'le larvae al'e 

('x('('ptiOIlHI. In tIll' Hi~ Bpnd 01: Texas. also, the dillpltllSe Ill'gins by 

tllp first [Hilt of AllgusL ,drill' tpmperntul'l' conditions are still :£ayot'

able and food ablllH\:tnt, '1'11(' La~llnil District: of ~[pxir:o and the 

sOllthw(lsi:('l'I1 part of Texas, Wlll'l'(' th('s(' Sillilips ",el'p lIuule, al'c both 

dt'spd !u'(':ts wirh extpn<lc'(l drought: p('rioC\s, lti~h ternperatllL'es, low • 

hllllli(litv, and eXl'essil'(' ('Yaporatiou. Cotton 1n both these regions 

is gl'O\\,I~ lInd,,\, ilTigation, . 


CLIMATE OF PCERTO lUCO 

Sfllriips ill PuPrio Ri('1) I\'pre l'l)lHllIt't('(l nt Isabpla, MayagllPz. 1111(1 

ROqll('I'OJ), .\s showll by the Illaxillllllli and lllinimlllll l'e('ol'c1s in table 

1. l'aill:falL ill PH('11 of: till'H' lo('alit i('sis il'l'l'~lIlal' alHl Hllbeet to ~r(':~t 
YIIl'iatioll. _\t Isabelll nnd Mnya~lI(lz tIl!.' a\'(')'agp aJlnllal J'lIinfall is 
mOl'n than ;")0 illtlws all(l usually ('vPHly distTiblltl'(l, l'XC('pt dlll'illg 
Dl'ct'mhcl'. Jallwll'Y, Fl'iH'lIal'Y, alld Jfareil-thH cll',\' Iwdod, The 
(,\i ma h'i n tll('se Iwo a I.'pali :l'a.l·ors th(l development: of It mcsophytie 
\'('~ctatioll, The relnt ivp hlllliidil,\' is hi~h, pl':lpomt ion is not exc\'s
::;i.\·p, al\(l plants ha\'(' a l'OllsiticI.'ablp SlIppl,\' of wat('I' dlll'ing most of 
til(' y(ltt )', 

~\'t BoeJlH'I'on, willl all aYl'I'agc I:aillfall of ~H.!l;) illt'hcs, the ('lim:dc 

fnvoI's\ Ill' dC'vplopnHlHt- of XPl'opilyti(' Yl'<rpjatic)1I owing to til(' ft'P(ttl(lnt 

long j)C'I'iods 01' dl'ollght-Iow hllmidity.~llHl Wal'm. dry willels. whith 

('alls('('xl'l'ssi\'c ('YHpol'ntion. '1'11(' lIl'ollght is Illost PI'Oilollnc('(\ (lUl'i))lr 

tll("~ months of DC'C'l'mbl'L' to ~hl'('h. i11('1 \lsi I'C'. CottoH is gl'own i~ 

ihis HI'('!lwitholll il'l'igatioll and almost always SUtI'Pl'H fnm; Jack of 

IJloistu\'(', 

• 
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DIAPAUSE IN n-lE 'PINK BOLLWORM IN PUERTO RICO 

TAm••; 1.-1Veatlter Bureau ?'l'COl'd8 o/raillfall (inohes) at tlte plates 
'where tlte (/iapause of lIte 7)ink bollwo)'7ib V)a8 studied 'in Puerto Rito 

Boqueronn[ayagucz I Isabcla I 
(Elisciiada)~ 

Month ·----,..----~l~------~-·l--------

Aver- ;\\'cr- I Aver· 
age Range age ! Uangc Rangeage,_._- ----- -'·--1---- ---,'-' --- 

,'anuury._____ 2.00 O.lfl- 4.67 3.40 0.0-11.65 O. 85 O. 0- 3. U5 
l~l~brllar.r___ ... 2. 18 • 0- 7. 19 2. 76 . 22- 7. 40 1. 4U . 0- R. 00 
Marclt________ 3.78 .12- 10. ".5 2.85 .49- 8. U3 I. 44 . 0- ii. l!) 
A/Jril. • .c _____ 5.17 .55- 13.·g(i 3.36 . .15- 8. H8 L 8(1 .0- 7.00I' 

1\ n.}'... _ .. _ _ _ _ 8. 27 2. 00- L7. 45 (I. 40 L U5-17. 0(1 3. 3U . 23- 9, 07 
,IUIIC _. _____ )! 8.97.3.32- Hi. 31 ,.1.75 . R5-W. 27\ 2. [(j .0-13.25 
,Iuly__ .. ______ 10.731 .80- 18.87 3.98 I. 20-11. 87 I. (10 . 06- 5. 72 
August. .. __ .. _ II. 371 ... 22- [!). 02 5. 2,0' . (i(l-15. 00 2.95 .0- 9. 16 
Scpt.elllbc:r...... 10.8U 4.84- 2·(,40 5.(;7 1.00-16.80 4. 34 . 87-1 L 20 
October _ ... __ : 9. 7UI3., 73- 21. 51 5. 33 I. OR-I-t 50 3. 98 I. 44- 9. 72 
XoVOrnb')L _ j ;). U5 I. 09- 16. 69, (;.94 2.01-20. 201 3. 09 . 70- 9. (14 
DooollIl)('I' ... ,.1 2.tiO '1'- 0,82; 4.64( .60-12.741 I. 20 , 0- 3. 85 

1 

28. 95 11. 34-53. 07 __ AnlllllllL~l. ~~158.:1~~~.~.55.2S135~90~U3. 501 

I Period fro III 1899-1937. 
'! Period frolll 1902-1 U37 . 

In contmst to It Tcmpemte Zone ('limate, that of Puerto Rico 
exhibits gl'eat stability of tel1lpel:atUl'c. The mean daily tempera
tUl'(~ along the ('oast mnges throughout the yenT from 75° to SO° F" 
with It maximulII rarely above H5° i,\nd a lIlinimum of about 55°. The 
mean tlnlllHtl iCll1pcratul'C'lt\'el'agcs about 77°. The usual raJlge of 
tClI1pcmtul'e thl'ough the eOllrSe of It siner.!e day is about 20° nlong 
the coast, and the fluC'tuation in the anl1l~tl mean tempemtl1l'e from 
ye:LL' to year doe!> lIot l'x('('l'd 3°. 

SEASONS OF COTTON PRODUCTION 

:Puel'to Ui('o has two ('oUon-gt'owing seetiolls with growing seasons 
at opposite pl't'locls of the yelll'. 011 the north coast ('otton is usually 
planlcll frolll JanullI'y 1. to )Jareh 1.5, fhe piC'killg season cxtellds from 
July 1. to Sl'ptl'JnbN' 30, ami the dead season Ocelll'S fl'oll1 Oetobel' 1. 
to D(I('(,lllbt'l· :n. On the south cQast, howeyel', the cotton is planted 
frOIll ~\LJgw,t 1 to Seplelllbt'L' ;;0, the pieking season oC('UI'S from Janu
:lI'Y 1 to )(:t), 15, and the dead s('aSon extend:; :frolll ~'[ay Hj to July 31. 
III thi:,; southcJ'll area thll planting season OC'C'lIl'S during the period 
()I~ gl'eatesL raillfall and the pi.('king Hl'aSOIl during the dl'Y period, 
whel'l'as on I he north ('oast: this ('onditioll is I·cvcl'sed . 

http:1.00-16.80
http:0.0-11.65
http:O.lfl-4.67


Ii n,(,((:\ll',\I. III 1.1.1.'1 i"~ 1]7., , , "', llE!'!', IIF \loIU('L'LTL'IU; 

\I()I",'lll{/'; \" \ I, \Cl{)ll I\IH L/\C Till,: 1)1 \I' \l ;-;1,; 

•
'I'll dl'll'1'1111111' till' al'lIlldnlll'l' Ill' l'l"till!! 1:11'\:11' ill ,Ill' lil'ld, illi'P-.Il'd 

'ljIl'111,ujl ... \\('1'" pla"/'d lilt till' "uil ,ndlll'p ill 11111111('11 {':I~'l'''':\ h,I':\ rl'l'l 

• 


ll'" i I I't!d\. I./!: h\ UI"II1 ,'(I( lIull ....... pl1h lu" \\ "I'll Illp bIi11'))11 til' n lIPII" di ... 1t allt! 
.1 tli;!! dhl\ of oI1' .... t1rIH·IJt 1'111tllll ;II .\la.\'H:.!llPI.. 11, It, 

1,.\ I" lIW)"'~ ill "I'jllh, "1)11'1'('./ IIll ("I' \lith \1; 111l',h l'IlI'P!'!' \\11'(', 

:-':IlI'I'!t,~ .. r II", I,oll" \\l'I'(' ('\;I1IIllI!'t! I', ./I'I\'llllllfl' till' ;)1'1'1'1I\illl:III' 

IllllIJ!II'1' "j' lan:I,' 11,"'I:tlll'd lli'l' ";(!!l'. '1'1,11'1 I da\, arll'l' d:lll' ,t!' 
11i-1;11/:II!l'1I fIll' 1".11 ... \\1'1'1' ['\;lIllilll'" awl 1IIl' llliltllll';' ItI' IiI ill!! lal'\'Ul' 

I ... "rd,·.L \\'11l'1i !llpI'I, 1,"11- \\1'/1' "-1"1. IIIl' r"lll'llt i1H:II·... \\('1'\' 
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DIAPAUSE IN THE PINK BOLLWOHM TN PUEH'ro RICO 7 

removed from the bons and allowecl to Sphl lip in il. l)etl'i dish between 
a thin laycr of absorbent cotton amI the bottom of the dish. .As 
!;hOWll in figure 1, this techuique permitted obsen'ations to be made 
w.ithout disturbing the lurme. 'l'hepercentage of resting larvae 
wus based on the proportion of liYe pupne to larvae in the dishes 
30 days aftel' date of installation. 

1'0 establish It reliable criteL'ion for distinguishing lan'ile in the 
testing stage fL'Otn short-cycle larvae the rate of pupation of 1,734 
Itll'\'ae l'cmo\'ed fi'om gl:een cottOIt bolls was determined by the petri
dish method as d(,sedLed'llbove. The results are S11O\\,11 gmphicnlly 

50 .,-r---r---.---,----.,.-.-!---r,--,--I--r
l
---, 

P. 
540- -...:: 
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i lol 
~ I 7 
JL,_~L ,.,.-.. L ___ I_-:~ I_--:-!-.L......~~"':::_---::!;:I,.---'---:'f:::- 1_-,,J;: 
o ., 10 15 20 25 30 35 40 45 

PERIOD (DAYS) 

1~·Wl·ltf; :!.-Hlltp (If pupntioll of Jounh im;tn I'~ oC til\' pink 001lw01'l11 wlJen removed 
f)'om gl'(>('11 {Oltull hull,;, phleptl in 11l'tl'i diSht's, HlltI ('(In'I'''tl with cOttOIl. In· 
SP('I'HI'Y lit ~[aYlIg\lPz, I', H" JOa7, 

ill figul'e 2, It \\'ill hc noted that the rate of pupation dUl'ing the first 
J(J tln,Yi) WIt:; YC'ry l.,:tpid. ",hl'n'ns aft('l' ~O days, as indicated by the 
Ilellel.r hOJ.'izontal linC', tht-I'C' was almost no pupation. Although no 
definite pC'l'ioli ~'an I)e ('stablisll('d, it would SCCIll logieal to rbssify 
Illl'\'llc itS of till' resting t.nw if t1lC'y do not' pupate within :20 to 30 
(lass at't('I.' rellc'hing mnturity, 

In PUPl'to Weo til(' abuIHlnn('(\ of pink bo!l\\'OI'll\s in til£.' diapallse 
in I1t'ld!{of'vHI'iolis nges at follt'lclcnlities \\"('1'(, d('l(,I.'minNl O\T('I' a pC'l'iod 
of :2 VCIII'S alld thN;£' I'('('o['(ls han' bcpn c01Telatp(i with minf;dJ. in 
tnblp ~ to !-ihn\\' thp 1'l'liltion5hip. 
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'l'.\8J,.} 2.-Rel(ttlO'J~ between 1·ainfq.U oc(),!tl'rhig bt tlte pl'eced'ing 30, J~, 
and 60 days (t1l(l the abumdanceof resting pink bollw01Wl, la'l'1Jae in 
gi'een amlopen cotton bolls, P'uel'to Rico, 1936-38 •------"-----------------'--------

I ! '1 '\ ' Total rainfILIl during, stILted periods prior 
to date of ob~erva-

DI\te of I Growlh ncc_l~esl- HOll 
1~~~i6;1 Locl\1ity ii\~~fisOf ortis! I~~~ue _,_~-:-__~___ 

---!1.. '-'---,----).  ~I___ ~~~~s _d:~;s d~~'s 
I INII1I1-1 Per1J9tJ{J i I I ber I cCIII /lIchc,~ /11l'/tPS /I/che.~ 

____ ,?O,,' Open I 92 I.Ian. 8, _j IsubeItL •.•\ 60 I I.·Hi 7.52 9.58 
.Iun. 10 ... \ ..•• elo ...• ,), •• do_,. ,\ 717\ 65 1.4(i ';,52 9.58 
./lIl1ll 15! .310 •. ..' _.do...... 271' I 1 l!i.21. 23.33 23.73 
.llIlyl·L_1._ •.(\0. • .do ... _ -; J08 J I I 5.00 12.71 21.81 

20 .. ,__ •. dC.L... ..du.. " .• , 452: 2 4.(iI 11.45 19.09 
AII!!;.I!.:.. duo .• -1 do ....... i 270'\. I I 7.30 8. (j.l 12.81 

\)o! do.. ..: •. d0 1 ._.... ~!9 >I I 7.30 8. G4 I~. 81 
Hep!..4.: .... do. ., ... _.. do. ;)031. 0 l 9.47 15.35 lU.32 

Do .,!... do. .. • ~ do 2. _ .. 553 i 3! O. 4.7 15. 35 Hi. 32 
.lllne 23 'BoqllcrolL ,! do ..• _: ~!I 1 ~! 3.30 1 10.00 HUO 
Aug• .! .. do...... _do~.__ 314, 2;)11.1011.10 ,1.40 

AI::'S;9 lsu\)(-Ia .. ,. ' Gn-en 1 ••• 4721 0 l 7.41' 8. 93 10.86 •Hcpt. _ .do .• _... :.• do 1 .• " 200 1 1: 2.2.'; 7. H. 9. (;2 
30._.rlo •• _ ... do 1 .. __ •• ' I·W, 81 4.4H! 5.09 to. 88 


:-/'ov.9 ..... do ....... i ... do l ...... : 114' 2(i. 2.19 3. GO (j.23 

~rlLr. 21i Boqllcron ..... _. Open I ••.. j 151 89! 0 I 0 . liO 

Apr, 17 .clo ..... ' _.do_ . ____ J 389 100 I 1. 30 l. 301. 30 

OcL 15 ... ~Iayugn('z .. ,(in·l'n l • _ .• \ 128 0 . 10. -Iii I 13.32 22. (;0 

i\'O\', 23,l •• do _0' do 1 .. ___ , 200 4. \ 8.49 I 12.02 ! 22.17 


10 Hatillo. __ ..... ; .•. do l ..... 71 371 .1.231 4.85 j 5. (i·l
i! I I

1938 , ! i
i 

.laJ~O, \j~~~~;,,,; .. _:' -::::::.:.:1 mI ig I 4: ~ll '11.1 ~ ~ 
I Lur\'uc were n!IIl(Wcd fl'olll the bolls unci allowed to spin cocoons betwecn the 


bottom S\lrfuee of petri dishes /Lnd t.hin diHks of ILbsorbcllt cotton unci lIluinluincd 

thcrcurter under insect /Ln' condition:;. 


2 Bolls wcre pluced unCter IL shelter to protect thom from the I'llll ILnd ruin. 

It will he 110tl'd thnt 1al'\'IH! ill the diapause were abulldant OIl]Y 

following pel'iods of 2.v .i nehl's ()L' l~lss of l':tinfall ao days pl:iol' to the 
dllte of ol)SI'I'\'ation, or 5,5 inches Ol' less of minfnll 45 d:lYs priol' 
thereto. A few :long-cycle 01' resting I:lL'\'ae, o('cul'l'ed l'eg:tl'dless of 
the ItJl'iOllnt uf rainfall. This relationship waS most clearly shown at 
Isabel a, As shown .in figm'e 3, resting \itn'ae were abundant dm'ing 
.Jllnwu·,Y, February, 'March, and April, 11)a6, It period of Severe 
drOl(O'ht, YN'Y few resting larvae occurred frOlll .Jllne to December, • 
It p('rio(J of Ilt'avy rainfall. During another period of drought, No
\'ember 1037 to .January If)3R, the pink hollwol'ms .in diapallse ",em 
again abundant. Ag shown in table :!, resting larvae OCCUl'l'l'd. in 

http:2;)11.1011.10
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DIAPAUSE L~ 'l~HE 1!INK BOLLWORM IN PUER'l'O R1CO 9 

abundance nt ~rayaguez only dUl'ing the drought period, At Bo
<{tWl'on COttOJl plants usually suffer greatly from lack of available 
11l0isture (luring the major PUtt of. each growing season, Ilud as a 
result pink bollworms in the dinpause are usually abundant at any 
pedod of the year when cotton is being grown, 

'1'ny101' (50) 1 in Ugumln, found that larvae of the pink bollworm 
do not normally rest where the rainfall of 40 to GO inches is well dis
tt'ibuted tlu'ollghOllt the year, wherens nt Isabel a and Maynguez, p, R., 
which have about the snme amount of rninfnl1 but of less even dis
tribution, the (linpause is common during the dry season, 

These studies indicate that the bollworms in diapallse ocem in 
abundance in Puedo Rico dul'ing pm'jocls of drotlght regn,rdless of 
the age of the crop 01' the timeof the year at which this drought takes 
place, Also, It fewrest;ing ]n1'\'ae oecUL' regardless of the amount of 

t-= !> d z en 
u 0 w .. '" 

''-.,.....I
1935 1936 1937 1938 

o z 0 ........ 


Ji'lc)l'm; a,-H('lutiQII lJetWI!!'1I ruillfall nnd the nbundance of l'esUng Inrvue of 
the (link bollworm 1'1'0111 August 1035 to FclJl'ual'Y 1038 ut Jsabcln, p, R, The 
hell \'Y VC l'tit:II I blll'l; indicate the occurrence lind abulldance of resting';]uh-ne, 
t.hl' hl'okl'1I line the Ilorlllai I'llillfllli, an« the solid line the rllinfllll Of the years 
ifldll'nt('(J, 

mineall-an illdieat'ioll of the existellcc of an inherited cycle that 
~'allllot be bt'ok(,11 within se\'eral genel'atiolls, 

Heaetioll of Larvae to Artificial Drought Conditions in the J.,aboratory 

Field slthlil'S showNl that a high percentage of the larvae develop 
into :t I't'sting l:ltagl' on plants sufrering from a deficicll(:Y of watcL'. 
To C'Onlil'lll tlwse 11('1(1 Ob;:;l'I'\'at:iOIlS, a stitely was made of the l'caction 
of pink bollwol'lll larval' dHeloping ill n greenhollse 011 plallts re.
(,(,j,<jlll! all abUlldant: supply ()t~ wali"I' and 011 plallts :mll'el'ing from 
walt'l' <\(,fkit'l\('Y, 

~H:T1101)5 OF STCDY 

On ;July 7, 1037, ('ottOIl wns planted ill 17Ci laq!t' calls filled with 
sundy loam ~()il to whic'lI on(·-fourtit pound of fertilizl'l' Pet' can had 
bN'1I lIdclNI. Fiw' holes had b(,(,11 tilt in thl' boUom of paeh can to 
pl'l.'tllit dl'aillagt' and appl'oximatl'l,\' :2 in('it('s of gl'I\,'el had becn 
p1ac('(1 in till' hottolll of t'lI('h eall, alld til(' ('lIIIS 111('n Hl't Oil :2- by :!-illch 

SIJ.l9'-·1II-2 
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rnils on It plntrol'!l1 in till! gl'eenhollse, AJteli mllny bolls had been 
!:>et, 85 (Il1Ys Idlel' plllHting, the HlIlOlInt of wutN' RlIppli(ld to 1:32 plant!:> 
WH!:i ClIt; dowll So as to ('fttl~(l se\'(>I'e ,,'iIUng Hnd slH'dding 01' the .leltVes • 
and frlliting 101'I11S, 'l'hl~ planlf:i or this s('rie~, 'wllieh avel'llged 4 'feet 
in height, al'e illustl'nf:(~dill liglll'(~ ~L The otlll'I' plant!; W('I'e WHtl'l'C'd 
daily. 'Th('se wC'lI-watl'l'l'd plants wPl'e (,OlltillllolU;ly tlll'gill, vigorous, 
and h(,ltilh,}t, b~'arillg 1I\any t:l'llitillg JOI:ms P(\l' plallt'. 

Blooms on all plant!1 WPI'!,' hlggpd datly so that the aw' 01' the bolls 
wOllld be knowlI, ]'1'0111 Oelobl'1' ~o to :!i Sl'V(,I.'lti lil'st-instlll: lat'vac 
wpn' pla~'t>tl on HII tnggl'd llollsl'PgIU.'dl£>ss of ag£>, On November 12 
all tlte Illl'vlle w(,t'P l'('lI1o\'l'(l [L'OIll tlt(' uolls to tilt' ills('elaL'y and e\:u;!1i

• 


]o'1l.(·It~; ·t,-~'('\1II()11 nlllllls J.,:'l'Owlllf;' ill :;.!.(1I111111 1111 ('III1R ill till' f;'I'I'I'lIliOURP Ill. 
)lIlYII~lIl'''-' I', It. 'I'llI'll' II'HIl'I' ";lIppl,\' \\'11'; ::" ch'fl('iPIlI. liS 10 \'1111':(' :;(>\'('1'(, 
willlll~ lind II\'II\'~· ;;lit'ddillf;' of III,' !t'II\'!'''; 1111<1 i'1'l11111lg' 1'01'1IIS, 

/it'd as 10 tltl' ('{lIlditi(JIlS IIl1d('1' wilkh till',\' had dl'Yl'lojll'd, The IHt'VIII' 
"'PUll lip bpt W('PII till' bullolll "url'al'p ot' Ppil'i di:-;lH's and f hill lIisk:-; of 
absol'hl'lIt ('otloll, liS showII ill figlll'P J. B\' tlJ(> liS!' of {iIis I1Ipfilod 
Oh"PI'\'Hliolls {'olliel 11(' Il1l1d!' ",itlll;llt distlll'bi'ng lhe lal'\'al', 

'\.'!'Illpel'tlllll'(' Hnd 1'('l:lli\'(' hUlltidily \l'PI'P 1:1'\'OI'<!Pt! ill III(> illspptalT 
rind gl'('PllIIIHI'-(' h,Y Ill\' 11~t.' of hygl'oth('I'llIogl'aplls, '1'11(' gl'I'(,II!loIlS(' 
\\'lIS (,O\'(,I'pd with t l':l1ISIJIII'Pllt glas:-; wlli 1(1 tilt' si<il's WPI'l' l'Ill'los('d wit It 
lilll"lI\p"h win', 'I'll(' 111(,:\11 dail,\' (!'llIllI'I'alll"!' ill tilt., gl'('pnlltllls!' "'a:-; 
~:!,I 1.', (I.I hi,!.!1wI' tlwll ill t1H'ins['I'I;iI'yl, thp 111l1:dlllllnl tPIIII'PI'a· 
l\ll'p I'pcol'dl'd in lltl' gl'('('IIII(lII'-(, W;iS IOL' (lL' highl'I' (hall tilt' II1Hxi~ • 
1l11l1l1 U'III pl' I'll t. 111'\' l'I'I:OI'(\('d ill I Ill' i I h('('!:II',\' m'PI' t fit' sa Ill(' I)('I'i lid ) , a1\d 
tllP IIll'an IIl1i!,\' 1'('lalin' hl1l1litiit,r in thl' )!I'PPIl\tOI1SI' was .-;:I,a }Jlll'cpnt 
ta,l 1)('1'('('111 Jdj!IH'1' than in Ill(' ill~I'['inl',n, TI\('~(' ('OIHli{ioIlS, lIo\\,
\'\'1'1',111'1.' pl'Ol'abl,\' not HI all ",jlllilnl.' til tlt()~(' ('\lC'OlllliPI'I'l\ ill til\' lipid, 
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IlELATION DI,;-rWE~;N 'I'H~ AGE OF COTTON nor.LS AND MOISTURE CONTE:"I1' OF 

THE SEED AND LIN'!' 

The 1l1oistmC' content of the s(>()d amI lint, Ot' locks, of green tUld 
Opl:Jl bolls of vtlt'iollS agcs was lIeter.'mined Ort Octobel' 23, 19:37, and 
acrltin On NO\'lllnbct' 12 by thyin rr the lock:; in all OVlm at ~15° F. fot'
'lS hOUl'S, As shown i'll tall I\.} :~, i n l\ II eltses (!X(~llt Ollc the moistme 
('(mtcnt of the HCNlllnd lillt in tilt' nOl'!ludly watt'I.'Nt sct'ics was higher 
th:\II in the (lefieit'llt:lv wlltct'ed sel'icS(Ot: CltCh age geou}), this difference 
bCl'omilw gl'l'ttleL' m; t1w age or th~ boll il\(:t'p:u-icd. When the eight 
paiL'Nt obsel.'\·:dlUlIS 011 0(1(01J('1' 23 W(lt'I! COtnplu'cd, the nWan difl'm.'l'nca 
of '1.8 lH!l'tt'llt l.,ctWl'CIl t.. he two sc!'ies WIIS significant. On November 
12 th~sc dill'el'c!l(,('S WCl'e muclt gn'att'l', but only two paired observtl
tions w(,I'e made. 	 . 

T,\IlI,I:: a,-rtl'lalion TH'{I/'II'//, tlte (l{je oj' cotton volls g"oWli on defi
eicJltlIj1I'U{('I'I'd filld II'l'llll'lt{eJwt plal/ts ill tlu' ql'{'e/llw!/8(' uwllhe 
uwi.~{;tl'(! contcilt 0/ till' 81'1'(/ alld lillt on O('t . •U ctlld .YOl'. ./;], illa!ln
[///("~' P. /1'., lfJ.f'l 

;\[uislllJ'l) coutNlt of the l:>('ed nllllllllt 01)--

Plllnls nOl'lIlully wlItNed 

Oct. ~3 Xu\,. 12 Oct,. 2a;\L!;(' ur 
ho"~ 

. A \'\,1'- A\'(11'- ; •. A\'('1'· ' A\'ur
l1~e : ngcl i ~ uJ!,c i age 

, l"illm- i lnois- ! Hnm- : lIIols- (Sum- mvis- j :::Ilm- ' Inois
pit,:; I: 	Lure ; pie:'! I' turt' , pies I i lure pies I tllre 

eo11- COli. i ! (!Oll
{('lit tent , tf'tll: 

• 
J)II!J.~ XlllII- /'('1'- XI/111- /'('1'- Xllli/- I'/!)'- 1 SUJII- 1'1.'1'_ 

IIl'I' ('1'111. urI' crill /)('" ('/'ltl /Icr (,fill,,--( ;"; 7!), !l 2 77. 7 • _ _ _.. '_. ___ _ 
:n a 7-1.7 .. 3 in,S •••..• ""_'a.) 1 70.2 a 7fi. Ii .J. 1 HII. Ii ;... " . _ 
10 a 01. (j ·1 HI.'( • . __ ." ._~ 

·11 I tia. R 2 ;j(i. \) • . • • •• _ 
(<).., I liO. (j 	 2 
1:1 J lIa, ·1 
II l Iii. X fia. J -W.•' 
I,; 
17 	 ,-'i~ {) •• 36: ,j

t- .. - . 
~3(i, f),i-.,I 

f 
,'~ 2 ;1:1. ;3 
·11 !l1i.7 
Ii 	 3:1. R 

Op('!! holl", ,i J 	 IX. 3 
-.)
,J_ 	 28.1 

;. '"' '" ~..... ,- .... 
,iO 	 20. ()l 
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In figure 5 it will be noted that the moisture coutent of the seed 
and lint was :invel'sely Pl'opol'tional to the nge of the boll, regardless 
of whethet· the plllnts suffered from water deficiency. The coelJicient 
of correlation between these two factors 011 October 23 i.n the normally 
watet'ed series wns - O.V8(). "When the regression was clticulatec1, it 
showed that, within the age limits studied, Illl avernge decrease of 
11.3 percent hi the moisture content of the seed nnd lint is to be ex
pected 101' every 10 dILYs' increase in the age of green bons. Squire
(46), in St. Viricent, obtained similar results, since he fonnd that tlHI 
mojstlll'o content of cotton seed (locl'eused £I'om 78.5 to about 14 per
cent within 8 days ILftel' the boJ1s began to open. 

BO~~--~----~------~----~----~------~----~----~ 

"'-, WEL.L. WATEREO SERIES ...... 
I  " SAMPL.ED OCT. 23 
Z ,
~ 70 
II: ,~ ....-WEL.L. WATERED SERIES 
UJ ~ SAMPL.ED NOY, 12<>
'-' ~ I 

~ 60 • 0 ~, 
DEFICIENTL.Y WATERED SERIES----·.. .,o 

Z SAMPL.ED OCT. 23 x·.. ....... 

4 "x x ........ 

o x ... "" "t:: 50 
Ul ......... ··.x 
......... '\ 

u. 
o ........ '. 

I-

I 
. ;A...~ 40 

Z DEFICIENTLY WATERED SERIES "~ 
o SAM PLED NOV. 12 '."," UJ 

~ 30 
I 
Ul 
(5 
:::E 

2~·~6----~~--~~----~----~L-----~----~----~~----5~B 

ll'IGUI:l~ fi,-H(~lnU(Jn batwcf'1I the ngc or gl'e'(>11 cotton bolls on plants wcll wate1'cd 
1111(1 dC'llclpnt:ly watel'etl in 1\ greenhouse MId the 1lI0i:;;t:UI'P contpnt oC seed aml 
lIlIt. l\JIIYlIgnCII, l', ll. 

nltLATION BETWE'~N THE MOISTUHE CON'n;NT OF THI> SEW ANI) LI~T ,\:-;0 
OccUluu;:-;m: OF 'rIH: DIAPAUSE 

Thel'elation betw(>tlll thp 1Il0.istlll·P contellt of the seed and lint anll 
abnndnnee of lllrYlIl\ill the diapnuse was also tletm'mincll. As shown 
in tllble -1-, the.per.'cPIlt:nge of l'esting- larme from bolls on deficiently 
wutel'l,(I plnnts WiI>; always higher than the percentnge of long-cycle 
Ol' I'CBtillg larvae :1'1'0111 bolls grown on the normally watcL'ed plants, 
th~ ltVN'lIgl'S being SG.2 lind 5G:7 lWl'cent, respectively. The dHtel'ence 
of 28.5 ])(l)·(·(I(lt IH'oved to be highlv significant. The moisture content 
of the s('{'ll fwd lint of bolh:; gl'Q\';'n on the (h~ficiently watered plants 
wns alwllYs !OI\'Pl' thall the llloishll'P ('ontent of the seed and lint of 
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bolls w.ownbn the 1101:mlill;v watered l)lants for e~ch age group: By 
. combmm~ all the l'~cords III table 4: It was found that the mOIsture 
• 	 content of the seed and lint was inversely proportional to tlle pel'cent

age of l'esting larvae, (fi~. 6). However, the coefficient of cOl'l:eltltion 
(-0.391) was not signincllllt. 

'l'.\Bu: 4.-Re7a·tion oetween tile pel'centa!1e of 1'e8ting pinlll OQZZ1.lJ()1'm 
larvae,11wi8hmJ (Jonte?tt of the seecl an(6 lint, (t1ul age of cottO'n boll8 
gi'O~l)n on normall!l wate1'ed and deficientlty 'loatel'e(l plant8 in the 
gJ'ee'l!11 o'llJ1e, illayaglle~, P. R. 

]}Innts 1I01'IIInlly wlltered Plllnts deficiently watered 

-.-------

Ag<: of hollt (dill'S) I. lMoisturn . Moisture 

ltecords'lltestlllg coutent Uecol'ds Uestmg content 
lllrvlle Iof seed . lllrvlle of seed 

Ilud !inf, lind lint 

,---- :--I:;;,:;,;r-;,,,=;il-;;r~.ellt Ntll-;;; perc::::1 Per()cnt-
O" ••• --I 106 I '.11. 1) 73." --- -- •• --------- ----- --
35 ...... 11.l7 j 50. 3 70. U U8 I 79. 4 I 1.l2. 9 

(;I'N'11 bolli' '.14._._----\ I"'! 49.3 I ~~, 1 ~.! 97,7 <lU. '1
{ "7. . . . . • . 14b 

1\ 

71. 2 1 D I. !l bb 90, !) 39. 4 
51 '""'. . 54 72. ~ I 5~. 3 I ·l7 83. 0 36. 9 
.14~""j \OS \ 'J2. U I 3b, 7 ___ ••.. ~_,--"---_- _______ _ 

01 I boll' -[7 ..... 1 157 (if.>, 0 33.8 1---.. ---- -------. --------I.• • )0 I ;; {51 . _.. _i 22(i 59. 7, 28. 4'l 103 80. (j ] S. 3 
;j(i.---._.i 55 (il.S 1________ 37 SO. 5 26.0 

_~1~~1I1~ O~_I:~(~:~~~l'~C~_ IriS L_.~~i. 7_C_~~: 91-~'3651 S5.2! 3S.3 

I Age uf boll;; 1101. dcfillitcly known but Pl'timutecl to be about. 35 dllYs. 
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MOISTURE CONTENT OF SEED AND LINT 

l!'IOOltfJ ti,-Hplul'lon Iwtw£'on th£' 1Il0lstl1l'p e(1ntpnt of t'lll' se£'l1 ulI!llint from cotton 
holl!> lind the pOI'I.'!'lItllgl! o.e l'esting' IUl'rfie of the plnl_ holhvOl'tlI, Greenhouse 
l'(lCI)l'(I, l\!:lyngl1Pz, 1.', H., lOin. 
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Evell though the normally watered series of plants received daily 
npplicatiolls of water, it is quite possible that they suffered to It certltin 
extent fl"Om lack of moisture owing to the fact that they were growing 
in a rather limited space. This may help to explain why 11 ruther high 
percentage of larvae from this series entered the <hapause. 

Squire (45,46), in St. Vincent of the ,Vest Indies, found a correla
tion of -0.397 between the moisture content uf cotton seed and per
centage of brvae in the diapltUse, the results beillg based Oil 647 larvae 
coJ]ectl'd ill young and open bolls in the field. The avemge moisture 
contellt of the insect's food during the larval period was determined 
by measuring the moisture content of the seed at various stages of 
mtttUl'ity, but usually larvae have reached the second and often the 
third stadium before enteL-ing tlte seed to complete larval develop
ll1('nt. Squire also found that tilt' oil cOlltent of the seed increased 
with tl)(~ age of the seed, from 9.7·.1: peL'cent at 34 days to 24.0 peL'cent 
nt H days, and to 27,a2 pel'cent at: i)(j days, Also, the ethel' extl'llct 
(fat) of l'f!sting lnL'\'ae was aboltt" Hi perccnt highet' than that of 
llonresting lilL'vac, which might be due to ,feeding by the, lILL'vae 011 the 
older seed of a, higher oil contcnt. 

S everthc less these. experiments. in conj unction 'W ith the field stud ies, 
indicate that dry food e(tuscd by drought (~onc1itions deereascs the ratc 
o:f metabolism ot the ]al'Vnc and cOllsequcntly arl'cst's development, 

RELATIO:'l BETWEEN ACE OF BOLLS, OCCURRENCE OF THE DTAPAUSE, AND 

MOISTURE 

To slIppl('lllent' the foregoing eXLWl'inwnt th(~ percentage of resting 
larnLe 111111 tIl(' lIIoistul'e cOlltent of the seed and lint in :young (sllceu
lent) and old (hlll'd) gt'ecn ('ott:Olt bolls collected at IsabellL were 
dctel'lnined, Tho highest pel'centage of resting larvae (26,3) was 
:found in the older bo]ls that contained the lowest ppl'centage of mois
ture contcnt (7 L!»), as com})llL'cd with 11,2 percent of rcsting larvae 
in the ,YOllngPl' bolls thnt had SLO pm'tent of water, tlwse results being 
baf-led Oil ll·b alHL H:3 records, rcspecti vely, The dHrel'elwe of 15,1 
[lPI'N'nt oj' I.'psting ]an'He may bc l'cgltnled as highly significant, as 
til(,' x-sqllare test indieatNi an nssoeiation between fhe heLOt'S, 

Two similal' eOl1lpal'isons wel'e also nlade at I-Iatillo hut therc wns 
I\(j llif]'ereJ)ee in the pel'C'PJ)tage of l'csti ng ]al'yae (:3ll,7, ;3(j,G») al though 
the moisture C'ontent of till' two slImplcs of green bolls rangcel from 
k2,!) to Gl.:3 pCl'C'ent, Tllese results were based, howcyer, on only 30 
11111L'iO lal'\'(t(l, I'pspectiwly, 

Sin('c bolls in yal'iOII~ stages or malul'itj' "111')' gl'patlyin their mois
turn eon tent, it was deenlNl important to detcrmine the percentage 
of long-cycle lal'\'ae that develop in bolls of difl'et'pnt agcs. Bol1f; 
WPI'P ('ollcdl)(l in t.lH' sall1l' (kid dUl'ing periods both of dL"onght and of 
ht':IYY ,'ainfal1 and di\'ided into fOlll' groups as :follows: YOllng green 
bolls UHlC'culent) , old green bolls (hard), young dry bolls (partly 
I.H'okell loose ",l1('n wl'y young but; not chopped from the plant), and 
nmlul'e open bolls, 
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DIApAUS.E IN 'l'HFJ PfflK BOLLWORM IN PU.ERTO RICO 15 

As shown in tllble 5, the highest {JtrCelltage of resting larvae oc
curred in the older fruiting forms which contained the least amount 
of moisture. Itwill also be noted that insects in the diapause occurred 
in much l,,'1.·eater ubundance during the period of drotight. 

TABUJ 5.-ReZ(ttion bet'ween tile pe7'Cent{(Il'''i of 1'esting pink boll'l.oo1'm 
lal'wle in cotton bolls of different ages (hwing pel'lolls of d1'OUght 
and heavy 'rainfall, JJfayaguez, P. N., 1937-38 

IHJA VY 1(.\ INI!'ATJL : OCTOBBR, 10,32 INCHES; XOY. 1 TO 2:1, ;,33 INCIUlS 

Dat.e of ob- '1' f f 't' f IRecords Ru'lting. ype 0 nil 109 orm 
_.~:~~r:~~~~_I_________________...__.1 Ja'rvae 

Number Percent 

j
YOllllg gre.en bolls (S\ICClilentL____ ___ _.,. _______________ _ 

Kov 23 J<)37 Old green bolls (hard) ______ . __ -- ____ . __ 200 3.5 
. ,,' YOllng dry bolls 1______________ '''__ ____ 30 3.3 

I Mat.ure open bolls _______ --- .--- ___ - __ ... 123 20,3 

1,10 11'1.' IL\lXI,',\r.r,: D[~Cg~IBFm. o,r. INcrmH; ;rAX. 1 '.ro 20, 1,1) INCHBS 

j
yollng green bolls (sllcculent) ____ ...... _____ _ 
 95 66.3 
,/tIn, 20, UJ38 <lId green bolls (~lard) _________ --- ______ _ 412 75.7\ ollng dry bolls ____________ .. _______ .... __ 195 79.5 

340 92. 4 ____ . .. L~r~Ll~~~~:'~~~~=~=~---------------1 
1 Bolls were purLI)' brokcn loose when very young but did not drop off the plan t. 

RELATION BETWEEN THE ACE OF COTTON AND OCCURRENCE OF THE DIAPAUSE 

According to Squire (44), 
The' din pause Is induced by dry IIIH1/0L' rieh {oo(} tOWlud the end of the crop 

Il'reSjJCefil'c of the time of the yelle lit wilieh this tnkes pinee. The field con
ditions lpllliing tiP to this position are (It) the incrcase in the ratio of ripe to 
g1"(>('n bolls anti (/J) a slIfIieiently high incidence of the pest to necessitate the 
Infestation of ripe un(} ripening bolls. 

As shown in tn ble 6, the percentage of resting larvae was determined 
monthly in tIl(' same .field fl'om J nne to September, 1936, at Isabela. 
The totall'ainfall occul'l'ing in the preceding 30 and 45 dn,ys prior to 
date of observation was also reconled. The percentflge of long-cycle 
larvae did not exceed ;\: pm'cent, yet the incidence of the pest during 
this seaSOn was one of the highest on recorcl. On August 15 the green
boll infestn.t:ion in eight fields flt ISflbela ranged from 23 to 100 per
cent, averaging 71.1 percent. 'l'hese observations shown in table 6, 
were made in a field lULVing the highest infestation. It. will also be 
Hoted that there was an abundance of rainfall clming the period, the 
least amount being ".1:.61 inehes clUl'ing the PJO days prior to the date 
of observation. 
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'l'ABLE 6.-'l'he. ;'~l(ttion between rainfall fo1' pmiods offlO.artd l,EJ.days 
pJi{)1' to date of opset'Vation and tlte abUtridance of 1'esting larvae 
of t7te pink bollworm in ope-n cotton bolls f1'omthe sa'me field at 
isabela, P. R., 1936 . .. 

Total rainfall dur!ng 
stated periods prior 
to date of observa-

RestingDate of observation IV.:!cords tion
larvae 

30 days 45 days 
,

--""""-----,'>--"'<-'-------- •._-
N11/llbcr Percent I1Iches Incl:e.~ 

.hlnc 15.. 4< .- .. ,."" . ,.,. .. -...... 271 1 Hi. 21 23. 33..... ~ 

Jllly 14 ___ ..... _ - ... -~.,.... ~" 108 1 5.60 12. 71. 
.Iuly 20_._ . .. ... 452 2 4. (il 11. 45- -' - -
Aug. J I ...._. 

~ 

' -- ... - '" . -... '. '" - ... . 270 4 7. 30 8. 64 
Sept. 4._ - . .". _...... ' .... ,.. -- ~ .. 553 3 9. 47 13. 50~. 
----....-.~.-->,-...;...... -,'~ ...,."" --.--~ ............._ ......'-- . I 


1'0 elucidate thjs relationship further, the abundance of larvae in 
the diapallse was determined in three fields of cotton of variOllS ages. 
These fields 'were pJanted at ~rayaguez 011 J nne 20, J nly 20, and August 
20, 1937. The perC'entages of restillg larvae in green bolls collected 
at random were detel'lnincd in each field on January 10,1938. 

1\mf.iE 7.-ReZation between t7~e age of cotto'n plants and pe1'centage 
of l'esiing pin!.: bollworm lm'1..'aein green bolls, 111(tyaguez" P. R., 

. J (tn. 10, 1938 

Age of cotton RestingRecords(months) larvae 

-.. 

]llumbcr Pcrr:cnt4..5 ____________ 305 69. 5 
5.5., ..... __ ... __ ... __ .. 307 67.41 U.5 ____________ 33U 54.3 

Il -

As shown in .tabJe 7, the highest percentage of restillg larvae was 
not :found in the Jield of the oldest cotton but in that of the youngest. 
Sillce the oldest cotton was putting on its second crop, the moisture 
content of these bolls was probably hi~ller than that of bolls from tlle 
youngest cotton, and this might ex[>lain the differences in results. 
Obviously these c1abt do not support Squire's theory regarding the 
diapause. 

EFFECT OF TEMPERATURE AND RELATIVE HUMIDITY ACTING 
TOGETHER ON THE DEVELOPMENT OF THE DIAPAUSE 

To dE!teL'mine the ('ombined eUed of temperature and relative 
humidity acting togetheL' in causing the development of the diapause, 
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DIAPAUSE IX 'rHE PIXK BOLLWOIDI IX PUER'[O RICO .t7 

IIUmel'OllS llOlll'esting fourth i nsttlrs wel'e removed from green bolls 
and pla<.'ed in dessieators wher~ constant relative humidities ranging 
Trom 0 to 100 percent were ma.intained at varions high temperatures, 
As It check,IILl'Vae were held Itt room tempel'lltlll'e and relative humid
ity, 

lit the first experiment an llvemge tempel'lltul'e of Oso F, was main
tltincd, rllnging fl'OIB 05° to 1040°; in the second test an average tem~ 
p(ll'atlll'C of D5° was maintained, with lL range of 00° to 100°, 

lIllmidities wel'c obtained by the use of sutul'att'd salt solutions, con
centt'ated sulfuric acid, and anhydrous cn1eillm chloride, Coneen· 
tl'nt('d sulflll'ie acid "'lUi W:ied for 0 to 1 PCI'C('nt humidity, anhydrous 
ealeiurll ('hlm'ide :fol' 1 to i:i percpnt, sodillm ('hloride for 75 to 78 per
('Nit, ]lOblRSiutn suI fate fOl' 00 to US pen'ent, and d isti lied water for 
appr()xilllatply 100 per.'CI.'IIt. 

Th(l I:esnlts W(lre has('d on the pl'opodion ofli\'e Inn'tlC and pupae 
an (lays IIftpr til(' bl'g-illlling of the l'xpel'illwntin aecOI:dan('e with tIl(' 
('I'it('rioll ('stablisl1(1(L in fI, PI'p\'jOtlS test as tlpf;(!l'ib('d on page 7, 

T""II,1-1 R,-E,!(J('t oj tf.'lI1pel'atw'() and J'datil'c IwmJdity dlll'inq a JO
da!! Il{'I'iod on pupation oj jOlll'lA 'i/!8tww oj tlte 7Jinl.: bo71wol'Jn 
j'('/lwLwl frolll, (J/'(Jcn ('olton boll.~, Ins('('/w'y, .l1(lY{((Jtl(!Z, P. n" .1DJ'i' 

EX(ll'rilll('ot ~o, l';xpcl'illlcnt; )fo. 2 

78° p" l'OOIll 77° «", rooll1 0,;0 F.:i 
Hl'lllt i 1'(' [('lIlp(','nturt' t lelllpf'rat.Ul'(, , 
humidity 
(per<'('ntJ 

LIll'va(' LIlr\'ac' Lal'val' ' ' LIll'\'tl(' 
not 1I0t I' I' notHl'Col'd,; 1I0t : Hccol'ds pupat- , ,('COI'[';. pUPllt pU[Jilt  P" pat
iug; inl-( illf.{ ~ in~ 

.\'1/1/1- ;\'/11/1- Xum- .\'III/t
I)('r I't'/'t'I'ul lIP/, ' Pert'('lIt /iI'1' PI'r(,~1I1 : ill'l' }'I'/'('flll 

('h('('k I I·W K2 11·( 20, a 
()·I 1i:i8 la.7 57 ,).1. 4 .(.( 11. .( no ·15. (i 

hi 1·1() 10•. ( ()fi ·(7, () '.(:3 a3. () !)(i 57,3 
7:l-7S 12\1 17, I (\II 2!l. 0 
!IO-\lH 78 

,0 130 17,7 87 I. , 

100 H,i () 7(; I, :3 

1 RUUI-(' (lIF \0 no" ,.'. 
J Hltll"P !I,i' to 10(" F, 
I B.ttll~(' \l:P to 10:1" ,.'. 
I C'lw!'k lipid Ilt rO'lln ('lIl1dililHH, il\'PI':!'.!;l' rt'latin' hll'nidity 83 p;'rc('nl, ran~e 

:in to !lO p(·r(,PIlt. 

TlllJl(' S ~h()\\':-; I hal thl' hi,!!\I(':;l PPI'('l'lltaW' ot'I;\l'\'H(' not pupatiug 
! I'p;-;iill!! lan'H('j \\,pn' round in tl'('ntlllpnl~ maint:ninpd at: T,! to T~ 
Pt'I'('PII( I'pilltin' illllllidity, OJ' 10\\'('1', alld tit tlw highpl' IPIl11H.'I'atlll'p". 
Vl'l'Y I\'\\' 1'1',,1 ill!.! lal'\'a(' \\"('1'(' fuund ill II'palllH'llls a\ !HI io \[H) !H'I't'(,llt 

http:lelllpf'rat.Ul
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relative humidity regiudless of the temperatm'e, the pCl'centttge in 
all Cllses being less thall that of the check. • ' 

As shown in figure 7, the results of the two experimen~s are in dose 
agreement. At 0 to 1, 1 to 5, and 75 to 78 percent relative humidity 
the perr.entage of resting larvile WitS always significantly higher at 
the hi(,her tempcmtm'e. At 00 to 100 percent l'cbtive humidity \'cry 
fcw IO~lg-cycle larvae occlll'l'ed. The expel'inwllts nt 0 to 1 and 1 to 5 
percent ('cllltive humidity wer4 considercd almost identical:uul, as 
llxpeetf'd, the results werl,) the sanH'. 

EXPERIMENT No. I EXPERIMENT NO,2 

r?J 7S4 F..CHECK ~ 77°F"CHECK
70 o 7SoF . o nOF, 

0:- • 9soF • 95°F,
z 60 
w 
I.)
a:: 
w 
IL 
~ 50 
l? 
Z
;: . 
~ 40 
:::J 
IL 

... 
~ 30 
w 
:! 
a:: •j 20 

10 

ol-I=-_L.L 

90-98 100 56-96 0-1 


RELATIVE HUMIDITY (PERCENT) 

IrIOUIt~; 7,-:)~tl'e('t or tl\IIl)Wl'Iltlll'C lind relative hUlIlldity during a 30·d1lY period 
011 )Hllllltion (If. fourth lusta!'s of. the pink 1101lwOI'lli I'cmo\'cd from green cotton 
boil:,;, Hisectllry, Mantgucz, p, ll., 10:17. 

MallY in\'(l:;tigai;ol's hare shown that insects .lose. weight, presum
aoly through loss of watl'l', mol'l~ mpidly und('[' conditions of high 
trmperatu('e and low humidity than with low tcmpel'lltul'c QL' high 
humidity, The fOL'eg-oing- result;:; would inclieate thnt all illcr'eased Pl'('
c~n~age 0 t' n?n pli pating- .III ('\'ae (r(,HLi Ilg' lar:a~') wilS fOllnd !(l1(lc(' COIl
(htlOllS of lug-h temperatllre and low hwn(d(ty bccau:;c of :t gr't'aU'[' 
Joss in watcL' by cnlpomtioll. This de(,L'easctl thc rate' of metabolism 
and caused an'l'stl'(L dl'\'elopmenr, Th(lS(>, J'esults tI('e in f1g1'Cl'llwlIL 
'with tho observafions of Taylor (50) in Uganda. 

MOlSTliHE CO~TENT OF RESTING AND NONRESTI'iC LARVAE • 

AND ITS PROBABLE SIGNrF[CANCE 


'rhp fOI.'r.g'oillg' in\'('st.ig-a.f:ion;:; indi('atc that; the ll1oistl1l'e content 
01' til(' illsN't's food grl'ntly illflul'llt'eH its flltu('(' dl'\·elopnwnt,i. c,: 
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wheUIPl' till' l1latlln~. ]al'YUC wm pupate immelliately or cntel' the dill
PflWi(', It has long been knowlI thnt the moistUl'c content of an )1\
~('('rS food gl'eatly influenl'('s the water content of its tissues, It ,\'11;3, 

t.h('I'C'fol't', deemed impo/'tant to nwu:;ure tho moisture content of r('st
:ng tllHl nonl'Niting Inn'ae, "'hen lalTHe we1'(', dried hl an oven at 
SI;P ]', for 48 hOllrs it was found that thc averagc 1l10istl1l'c COl!h:nt 
or :25 Ilofll'esting lalTae had been TO,8 pel'cent and of ov('r 200 resting 
ltu.'\'ae it; had b('('11 (i:U) :± O.4G l)ercent, w.ith Ill'tlnge in the latter cllse 
of JI'OIIl UO,H to GiiA IW)'('ent. Tho difl'erl'IlCe of T,!) pen'cnt waS prob
a bl \' ("llllsNJ bv thc' dill'ercllce hI the rnoistiu'e content of their food, 
Sqliil'P (4(;') {oul1l1 that l'esting In.I'\'tH! often had tl moistllre content; 
IlS mueh as 10 percent lowel' than that of normal}nL'Yae, 

These results 11I'e of specia.linterest when comptu'Nl wit.h the find
ings Ot ot1\(~r wOl'ket's in. connection with this subject. 'Robinsoll (,]9, 
.10) found that It din'ct relationship l'xists bptwl'(11l tltp wHipr t'oniellt 
ol~ vltJ:iou:-1speeies otinscc'ts Ilnd theil' lood, specie;; which lin:, on food 
{'ontaining lL low pCl'cpntage of water having fl small amQunt of waleI' 
in th(,ir own tisslIes, He :fulthl'l' showed that some species of insects 
thaI: live lIIH]Pl' low moisture eOlltlitions have the l'('mtll'kahle capacity 

rr01' IldtlP.tin th.eml:i(ll.,>(>:; to slIch concli.tions by binding 01.1 thl' s.udace 
(It t:ll('il' conloid:; fL lal'g(' Pl'Opol'tion of the ilvailable wah'l' amlin this 
WHy IH'o(c'd ing themseh>(ll:j against loss by evnpomtion, 

Ditmllll. '\\'('illtnd, and Guill (.!O), experimenting with the COl'll 
l'arWOrm (lIAiolltis w'lIIi{!l'I'(t (I-Ibll,) ),follnd that pllpae in the dia
JHIUSl\ lOse watl'!' I('ss rapidly at low lluillidities thall pupae not in thl' 
diapause, 

These studies on til(' pink bollwol'l11indieatp a similar relationship 
betw(I(,Jl the 1l10istuI'eirt til(' food and in the insecVs tissues, Under 
tropk:t1 ('ondi lions ('!la.nges in tlte elwi I'onment:d ('omplex that affect 
the moist:ul'l' ('ont('nt of the ('.ottOIl boll ar(~ the mostimpol'tant iactol's 
inducing 01.' hilldel'ing the d('vdopment of the diapaust>, The moisture 
('ontt'nt of till' food depends on til(> age of the boll alld the amollnt of 
Wilt t' I' HI'nilnbl(' to the ('OItOIl plnnt. . 

TEHMIXATIOl\ OF THE DIAPAl':-;E 

~\Ian,· w()I'kl'l's han' l'iltOWIl that: lllOistUL'(>, u!'illallr ('outad moist 11)'(', 
ill('n'u;t,:; sUl'vind alld PXlwdilps ('lll('rgl'nc(' or ";i'I'iou:; ill:ip('[s fl'onl 
e101'malH','" "'illt 1'l'SPPei to tll(, pink )'0111"(11'111, Ballou (,~, p, 41). in 
Egypt" found that \\'hl'1I old in i'l'stC'd boll:i \\'l'I'(' kppt dry the. qnil's(,l'nt 
[wriod was .1ong('I', Loftin, ~\kKillllPY, and Hallson (,lO) , in )Il'xit-o, 
found that dalll[ll'ltill,!! thl' s(,l'(/ alld lillt ('olltnining resting 1111'\,11(' 

Imst:('l]pd C'IllPl'g('Ill't', 'Yil1.iarns (oJ.,) is of the OpiHioll tim!: pupation 
or lnrvap in til(' diapnu:il', in Egypt, i:i lal'gply ('ontl'ol1ed by temper:l
tUI'(' llJl(I hlllnidit,\', Hnd suggt':its Ill(' po:isibility thai pupation may be 
(,()lltro1.lC'd. il! the lipid by i 1.'I'.iga Lion, . Hishll L'1l (8, p, O.~) • a I~o ill Egypt, 
found thnt under (,Olltillupd ('001 anti dry condition,.; tlH' lalTat' rarely, 
if (,"PI" ]lllpntp, Br,Mol'd. (7) found that 1lI()thsin the l1(ll'ihpl'n Sudan 
PIllPI'gl'd 1'1'0111 I'p;;ting I:U'\'IIl' ellip(]y lIuL'ing {II(' 1)(,I'io(l fL'Orn the mill
dip of .JI1I~' to the end of S(lptll ll1i>('I'. thl' rainy :-l'HSOn, Kahil (3tl) 
abo found {hilt ill !'Il(' Pllnjah (Ill' ppak of pupatioll alld ('Ilwrg('n~'l~ 
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OCClll'l'ed. during th(~ rainy season, Chapman and Cavilt (11), ill ex~ 
'p1~dlllents conliul'ted under insectary conditions in Texas, foulld that 
the peak of moth emergence 'fl'om hibernat.ing larvae WIIS reaehed dur
iug .MILY., when the :;oilmoistllL'e was abo.\'.c Gperc(~nt, find in July, when 
the soil moisture was below,') pel'cent, I'c lrardless of the type of soil. 
'1'hey alBo found that Slirvival was inCI'ca~d in sfmdy and clay adobe 
soil with an hlCl'CaSe of soil moisture lip to a maximum of 17 percent, 
:dter wi!i('\l it <1ecI'ensed, Ta.ylol' (50L .in Ug:l11da, experimenting 
with nine resting Illl'VI\(' of the pink bollworm, found that It t'eiatin.\ 
humidity of 100 percent terminated the diapause in all cases w.ithin :!~ 
d~LYS, Squire (114·), in the West 1Ildi~s, says, "The additioll of w~lter 
10 the tiSSlH'S of rest.ing ial'\'lll' in most eases cxpeuites elllet~gence, but 
is 1I0t fL sine q'lIa non thet'cof Ilnd : It It small peL'centage of cases fails 
to ternlinfli(' the diapllusl'," Hn also conduc](.'d (40) that the applica
tion of WIlt:Cl' 1:0 n'sting lar\'ac r\!d.uccs theil' fat content probably by 
incilitnting hydrolysis, lhus bringing them illto line with normul J:ll'

Y!lt', Isler and FC'nt:on (;d~~), IUHl [i'{lIlton ami Owell (23) found that jn 
Texas iL'l'igal:i(ln appliNI dlll'ing the pel'iot! of hibcl'lIation inc-l'cased 
8m'viVlil of thc pink bollwol.'JI1 iii ('olton bolls on the soil sul'face, 

E~'t'J';(;'J'S (W l'r(OISTl.:JU: ON TIn: DUnATION OF TilE DJAJ'AUS~; 

An expCL'inwnl \\'a:; ('ondueted at 13oqucron 10 lletel~min(\ t.he {'/l'ed 
of l'Ilinfall and IpllIpemtul'p on the duratioll of tire (ljapause ill open 
cotton bolls on t he soil :;IIl'face, H('lIvilv infested oplm ('otton bulls 
werc pla('c<l Oil lire soi I sudacc under \\'oodl'lI cages, 3 by 3 feet by 10 
ineiws, w\r ie\r \\'('n' con~l'ed 011 tOp with fille-mesh copper wil'e, Ten 
('ug('S, (,!It'h containing IIppI'oximatt'ly ::\7-:1: fourth instal's in open 
bolls, wHe installNI PCI' cage, Fin of these cages 'were placed undel' 
II slll'lter to protect th('1Il from the SUIl and rain ~llld the othl'L' ;) were 
plac('(l in the (lPNl, Th(' bolls in 1 cage of each sCI'ies \"I,'I'e examined 
about ('vel',)' ::\:; days :dil'l' datc of installation, 

T.\JlLI,; n.-Sul'I'i,·,1I 0/ /'(sliJl{f pi,,7.' 7)oUII'o)'m. /(uvl'({e in op('n ('ot/on 
bol/,q on tl/(, soil ,"III'/W'(' ill, tlu' open and 'Ulldel' ((, 811,.{1('I', BOfjllel'OIl, 
p, .N" J[J,/fl ~·.Ji" 

Prriod Li\'(' lan'll(' n'I:O\'nrN! ill 
aftt'r I 

Dill I' of (,X:tlllirllltiUll : dille of \ 
: inR\alla- . Cn~('R in th(' 01)1'11 
~ f lOll ' . 
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,w'I'flti'!/, Jfll,l/a(JUl z, p, N,. It).!," 

P('riod 
aft('r 

Dllte date of 
installa

tion 

/)II!J,~ 
.\pl" Ii o 
.\IIIV i 20 
.\Ill\ 2i 40 
,/tuil' I Ii no 
.JlIly Ii ~o 
,ltd\' 2fi 100 
\II~, \;; 120 

l"lI'Jlt. I 1·10 
;0;('\11. 2·1 ltiO 
(jel. I \ ISO 
~ ilL a 200 
~o\". 2H 220 
()('(', 1:3 2·10 
()('('. 20 2;;0 

DJAPAVSg IN 'l',I:HJ PINK BOLLWOHU IN Pt:'}~R'l'O IUCO 

Table 9 shows that in cages lIndel' the sheltCl.' the Sllrvlvill of resting 
larvae was much gl'eater than among Che larvae in exposed cages, In 
the slwlt:ered sel'ies, :3, OL' 0,8 percent, of the Jal'vlle had not pupated 112 
days nftl'l' the date of installation: whereas in the open series no living 
lul'vue or pupae were found afteL' (;0 days, Since many weeds gl'CW 
in the open ca~es, the bolls wet'c shaded during most of tho period, and 
the difl'el'ence 1JI the n'sults waS therefor'c attt'lbutcd IIWSUy to rainfall, 
Dul'ing the fil'st no days after the datl~ of installation ;',10 inches of 
min fell.in this area, 

III field ObsCl'vatiolls the maximum dUL'ation of the diapausc of 1al'
\'It('. ill O[>('1l eolton bolls on the soil surface WItS 172 days at Isabela 
dUl'ing IlpN'iod of severe dL'olight and l:ti {ltty:; at Boqllel'on, In {he 
lallc'I' c'ast', hO\\'('\'(,I', dl'ought conditions W('l'l' Ilot HO Sl'Yel'(', 

In 111101 hN' expel.'imenl ('on<iu('(('(1 in the insl'ctal'Y 41)0 open cotton 
hoi I;;, ('olle('i('d On .\1111'(,11 Hi, \\'('1'(, placP(Lin eu('h 01: 2 cages 011 ApL'il. 
17, .\Il (·xamination of;t ~OO·boll. Hample :\llowetL that there were ap
P!.'OXiIlIHIf'ly ·lOO li\'(' foudh instal.'s installed pl'r ('age, Jnl cage the 
holl;; "'l'I'P kept ('oniillllollsly moist by slIbnwrgillg them fl'equently in 
\\'nl('I', while" ill thl' (Jlhe!.' ('ag-l' til(' holls W(,I'(', h'ft dl',\', The:32 days 
hl'twl't'll (hI' datI' of ('olll'(,tio/l find Ill<' (1at(' tile (·xpl'l.'ilnent was initi
ai(ld llSSIII'('(1 that all th(l lal'\'ae jll'('S(lnt W(>I'lI ill the dia.pause, 

T,\III,I~ 1O,-('OInplll'util'e I'atc of ('/IW',qt:lU'{', b,l/ 20-([(1,1/ periods, 01 pink 
1",/lu'o7'ln III (Jth.~ Il'mn I'('still(! lllrl'(/C i n .~;j{) ()p('n ('otton bo7l.~ iii e(lch 
('Of/I' w/t('n Itf'ld '1111(/(')' dr,l/ {(./Ill under moist ('(Inrlilio/l.~ ;11. tile i/t

The l·l·~lIlt,.; of this C'XPl'I'iIllPnl an' SllIlIlllariz(·(l ill table Ill, ..:\1
thollg-h a hl'a\',Y nlol'talit,\' (npproxilllat('I," 7~ pef.'('PIIl) o(,(,IIlT('d ill the 
llIoi:-:IPIH'd holb, II\(' addition (d' IllOistuf'(' gl'l·ntl." at'('('Il'l'all'd PlIIl'I'g

~\C('lIl11l1lnt('d l'III['r)!;I'Jl('(' frolll--

Dry ('otton boll;; 

."uIlIIJI'f />crc'f1l1 
o 0.0 
o o 
o o 

1\ 2. 0 
no 21. ;; 

lia ·11, ·1 
21)S il. a 
:3fia so. x 
ann n·!. ~ 
·102 !J(i. 2 
,105 !)(j. !l 
·110 nx, I 
·11·1 !lO.O 
·IIS 100. 0 

, ~I(ji:,t eolloll bolls 

' .\'1/ /II/)('r i />/'rrflll 
0 n. () 
n In. :)

Gn in. a 
~i 100. 0 
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('lIce, Fi fty pel'cent; of the moths hnd emel'gedhorn Ow moistened 
ho.lIs Ilft<!L' approximately 32 days from the dnte of inshdliltion and 
all had enH.'I'ged artel' iH d:lYS, Fl'Om the bolls kep·:. <lI'Y 50 per'cent 
hlld not ('mel'gNl until appl'oximately 110 days had pllssl'd,and all h!ld 
not cmel'g('d until !Lff.er 25(\ days, 

In a.not;ilcr eXr)(~I'.illlent resting lana(' w{,l'e nllowcd to spin up \J{'
t.wecn the bottOIHH of petri dishes llnd disks of lint cotton (fig, 1), 
Till} dishes WCI'~ then diyidcd into a tr(\atment lots II.'; :follows: (1) 
Cocoons kep~. moist eOlltinllollsly by daily applicati~ms Of\~':t~cr, (2) 
tho$(\ held WIth the nlmosph('l'(' lit 100 pel'c('nt l'('lattvi:\ hUIl1HLlty, and 
un t;hosoin (h(' 111')' eliH'k, Thl} Humber of lar\·ne used 1)('1' tl'Clltllleni' 
l'llng('d feoll1 (j~ 10 flO, ,Pupation Was ('ol1lplC'il'd ill aG, .H, and 1:1G 
till "S, 1'(,~,q:J('('lh'('h', . 

fit n, shnilal" I (~<;t wlIPI"p Ill(' ('()(,OOIlS of IOIlg'-<',Y('\l" la I'\'I\C W(,I'C IllOiRI:
(~IH'd dllilr. \\'('(lkl,\'; H!Hl bi\\'(~('kly. pupation Was eOlllpllltNl in Ra, 121, 
llnd t:1;') dllYS, 1'('Hp('('tl\'(~ly, In II ('\t('('k that waS It'H dl'y pupation ,,'as 
not ('Olilpl(>tNI IInl:il \·IT days, Tlrl' flllrnbpl' ofllll'\'ac uscd PCl' tTent~ 
flu'nl I'Hllg('(\ fl'oln Hit tnIH.!. '1'he tiSSII(\ papel' whi('h ('o\'el'('<1 tire 
('o('(Jollsi n t,1r is t'xPI'l'i 1lH'1li: I'('mai 11('(1 w('t JOI' n bOllt 8 hours allel.' each 
npplil'fttioll of WilleI', but the watel' nppul'('ntly Jailed to p('nI'tl'ilt(~ the 
('0('0011:; in nny () r th(> :fol'('goi ng tt'catnwllts, . 

111 othel' tpsfs. wlr('t'c wut(')' had bN'11 'fol'C'('<1 into t:he C'o('onm; b,· 1:11(' 
nsC' of It hypo(\('('mie 1)('1'(11('. tho Jal'\'IH~ 1(,1'1 file ('o('oons II::; soon :is till' 
WaiN' was n.pplil'(l. 

Tlt(>s(I I'psults show that tnoi;;hll'p is the. inq)ortnnt fart:ol' in limitillg 
till' dUl'ntioll of tlw diaplllIS(' IIn(\t'I' t ,'opknl conditions allel that in til(' 
ne·ld, UI1(\PI' ('oIHlitions of (Wit\'." rainfall, pupatioll and ellH'I'g:t'n('(' of 
rL mujOl'it,r nt' th(' I'('sl ing larval' would be ('ompleted within ~~~ to a 
IlIOllth", Tlwy II Iso indic'ni:C\ the pO!4:;ibili!:v of' a pl'lIC'tienlus(' oj: mois
tlll'(' in 1'1'(ItI('i'll::! pink bolhnll'lIl datnnge. '~i/l(,(, th(' O(,('UITen('(' of til(' 
diuplI.IISC' ill lIlt' fiplll, and theI'Pf'ol'C' t Iw (,:\I'I'~'-O\·("'. nllly bl' pilI'll," 
('oll{l'oll('(II,,' udjusting tilp plalltill~ datc· to till' di~tTib\ltion or I'nin-
Tn II (I/' h,\' il'l:i::!nl iOl1, . 

Sl"M}IARY 

TIll' 1ll'illlTiol' of thp 1111'\'11(' of' tIl(> pink boll\\'ol.'1ll (PI'('tinopl,ol'll 
!/118.'1llllit/11l ! :-;111111<1,) 1 has hN'n silldiNl in 1'{·lntion to d(·linite C'hangC's 
in i1w (l1l\'ir.'OIlIllPI1I:1i eompl(lx ()\,PI' [t p("'iod of a ypal's fo t\p(('/'minc 
th!· ('onlhillal ions of fndm's that ini!in.tl' and f('I'minafc th(l diaplIuse 
ill t IH' liplc\. In t Iw lid IOl'a t01')" ('0111 I'olled ('xl)(,l'imt:'nts Wl'/'(' ('()ndu('t(~d 
in whi(,1t ~)ndl'()nnl\'IlIIlL ('hangf':; W('I'l' intl'odllCNl to aid. in the, intel'
pI'Nation of till' dl'l·('t or the PIWil'OlllllC'/Ilal ('ompl('x on the .Ial'vfd 
stllge, 

Pllel'lo Hieo otl'l'l'('d distill('\' a(lY:lnt:'gl~s -rot' a, stlldy of this phllse 
of ins(>('t iif'(', as it: has a Il'opi('al ('limll!£'. and Ihe t'adol' of l'xtl'('nw 
('old as II pI'('disposillg CUllSI:' of til{' (liapIIIH;(" is £'xelll\lNl. Also. there 
is 11, portion or the island whpl'e cof lOll is grown during the 11t,y S{'aSOIl, 
and. ill nnothPl.' pal't of the islulld it i::; gl'own dlll'ing: til(' I'lIillY season, 

It was found that untiPl.' Put't'to Rican conditions pink hollworms 
in tire' diapallsP alwlI,\'s (l('('III' most nl.HIIHlnntly dlll'ing p<'I'iods of 
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DIAP'\USE IN 'l'HE PINK BOLLWOHM IN Pr.'.ERTO HLCO 

(Jr'ought, l'egardless of the age of the ('rop Ol' the time of the year at 
whit-It the (It'ought takes place, A few restin~ llll'vae alwa:rs OCCllr in 
the field l'eglll"oless of the lIInOllnt of rainfall-an indication. of the 
(·xistenco of nn inherited cycle wh1<:11 cannot be brol{cn within several 
gene.1'utions, 

A total of 1,528 lnn'ae were reared in thehlborntory on food of a 
known moistul'c ('on tent trhe mature lanTae were classified us. resting 
01' llOLu'('sting indh'.iduaIs, and the watel' content of th(>se two groups 
was determined, 

The mOiljtul'(\ ('ontent of the :'iN'a and lint wns invel'sel,\' propol'
ti01ml to the ngc of the bolL the ('oefliciC'nl: ot cOI'l'l'lrltion being -0,086, 
The ll1oisllll'e content of thl' S('('(\ and 1i1ltwlIs also .invN'sely pl'O
pOi.'tiollu! to lhn P<'I'ccnlag(' o:r 1'('stinglal'\'IH\ the C(J('f1ic;('nt of COITCI!t
tion bl'ing -O,a!);, . 

Tlt(1 lllohiLIIl'(' ('onlcnt of l'l';.;t:ing Inn'i1l' WIlS fUIIIHl to be I,!) PCI'("('nt 
10w('I' IhHlllllP moistuJ'(' content of nOIll'l'si·ing llu'Ylll', 

Unch'I' tt:o[lical c()llllitions an,\' fa('hn' that limit:; tlw 1110i:,1 II 1.'(>. con
tl'll!; or the boll, thp in~('('t'::; food, 1<>11(1::; to il1(\II('(' the (]p\'elopment of 
til(' (lill[1:1l1SP, 

A low I'platin' hlll1lidH,\' ('olllbil\l'(1 wilh :I high telllpCl'atul'('l'cdllrCS 
the WfltPI.' ('ontellt or L1w lat.'Ylle In'l'\'apol'Htioll. tllel'pl)" ([ecl'pasing the 
I'U[C' o!~ Illetabolism al1(\ ('allsill~ IU'l'l'sictl c1c\·plopllll"llt. 

DI'yfoo(l ('lIl1~pd by dl'Ought ('oIHlitions, i, p" lack of rnillt':tll, high 
tl'mpl·I.'attll'ps, low hllln:dity, ('xcl'ssin' wind 1110\'PlI\cl1l·, high (Ovapol'tl
Lion, :111(1 Iilck or Hy:tilable 1ll0istlll'P fol' thc plants, l'e<1u(:l's the water 
<,on tent of til(', larvae thcl11spl\'cs, . 

)[oistllrc is thc mo;,;t imp0l'tant- :factor iCl'rninating the, diapause 
I1IHll'l' tropical eomlitions; Hnd in lhe fil'ld, t1IHll'L' l'onditions of heavy 
I'ainfall and high Il'l1lpel.'atttI'e, Pllpation and l'tnPl'gcl1ce of a majority 
of the L'('sting lal'\'a(' woul!l be c(jll1pl!~tcd within :21 ~ to 3 months, 

Thcse :;iudips slIgg('st the possi.l>ilit,\' or a pl'nctkal ml'thod for l'C
~ll1('ing'pil1k boll\\'OI'II~ damngl" since tllr aiHIIUlulH'l' 01' rcsting lal'vue 
III till' held and, thpl'('!ol'(', til(' ('IU'I'Y-o\'l'l', Iliay bl' pnl't:I~' contml1cd by 
ndjusnng till' planting dUH' to tllr disiTiblltioll of I'ainl'ftll. or hy ini
.U'fl(i (J II , 
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11I':Slm'l', In '1\/\\'('1', ,,'illiIlIllLuI\'!'l'ncp, The :'Ill'ehullislII of E\'olu
lion ill L('pi.lllotal'i<11. ('ul'II('ldl' Ins!. WUi;h. I'llb. !W:.I, I'll, ;{-I1,aS-l, 
IIlus. 

(,\(jJ BI'x'ms, 1'.\'I'ltH'K A. 

lB:l:!, n;It\tl,;tl'l'\tI M. I:-\SI,(")'S .\SIl 'I'll" Ill' \tlll I 'I'Y Ot' I'll .. I·::-;nuos ~It:;\,'l'. Calli' 


IIl'id/;I' I'hil. Hul', 1t!'I'. mol. i: I :!i;'j 1-:J20, IIlw;. 

(17) 	 ('IJ.\I'~I.\S, .\. ;1 .. 111111 ('.\\'1'1"1" n. :-;0,


W::·I. Tim I;\FI,n:S('I'; ot' SOli. ~lorWI'I·ItI. ,'1'0." SI'II\'II'.\I, OF '1'lIt: J'ISI\: BOI.L

W!lIDI. .10\11', B(,IIIl. Ell!. 27: .'120,.'127, IIll1s. 


liS) ('II.\I'~I.\", ItOY,\I• .:\,

w:n, ,\SDI,\I. 1':1'01.0(;\', \\,"rtf "SI'I·:(,I,\I. Ilt:n:ut::,((,I~ 'ru I:-;SEC'I'S. -II;.! Ill),. 


jllu:", ~l'W )'OI'k, 

(WI ('(H'SI:'>', G~:Il)J.\ISI·:, 


.10::2. 	 (.:'11'111'; ~;XI'~.BDltl~'I"\I.I·; Ill~ 1..\ 11I,\I',\l'>;~; IIt:S 1:"8t:(''I'I·:S. HI1\l. Bill. Hinl. 
(11'111 1·'I'lIn('I' I't IIpl.!!. \;;, ::-111)[1.. i1II1S, 

(20) 	1)1'I',\r"~, L. 1',. "'''" ..\:''11. n, H.. HIlII G 1'11,1.. J. II.. :lit, 

HHO. '1'111': ~1I·;'I''\B(lI.HOI I:" 'rill': (,OilS t:.\It\I'OIDI. IIr. Wt:WII'I', WNI·t:U. ,\~J) 


Il 1.\1',\ I 'SI':, .111111" I~('on, En!'. ::a: 2S2·:W;:;. 1\lIIS, 

(:!1J J)onll••\SS, .1, It. 


:I!I:!S. 	 I'Ut.('II'I.'I'.\·I'J()~ Ml ,\ I",\('TOU· IS 'niH t;~It:U(lt::-r(·t; ot' t:I'rr..\{'J[;\'.\ {,Oil' 
)WI'T.\ rI((J~( .llllllmSNflO:-;, ,10\11', l~('OIl, l~nt. 21 : :!O!{-21:.l, illilS, 

1();"'1. AIIIH1'IO:-;O\I. ISFOUM.\'I'lO;\' ox 1'ltt:ell'I'I',\'I'l(lN ,\$ ,\ t'.\(,'I'OU 'IS. 'I'''t: t:~n:II' 
m;:;ct: Ot' t:I'II ..\\'II;\',\ ('OUIIl'I'TA .\1 n.s, t'BO~L HIIII~lt:-;.\·I·I():-;. l~('ology 
H: :!SI;,2!li, illlls. • 


12;1) 1"I'::"Tns, I·" '\'j lInll (lin:.'!, W. T", ,TI" 

1!I:II, 	IIIBlm:;.\TIO~ (It' )'t;l"I'I;\'!lI'1I0U.\ (:(lSSYI'II~I.I,.\ IX 'n:x,\tl, Jrllll'. E('f'Il. 

I·~nt. :!·I: Ill/i,1:!!)7, 11 Ills. 

http:r.�,.!)-r.G4
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• 
(2·1) I"I:\'K, D.\\'II) g, 

:lO:!;), I'IIYflIOr,OOWM. fl'r\'lm:fl os lIl(1~:IIX.\'I'IOXIS TIm POTATO II~:~;'I'U;. U:I' 
~1·IS(YI'.\lIflA m:N;.\II,IX~1.,\'I·'\ SAY. :mol. UIII. ·JO: eSt-·l00, illus, 

(25) (JOI'OIl, r,~:WIS, 
lfHH, 'I'm: un: .lus'roul" lW ca:r.~~CIll.\ (;oSSYI'H:J.r.'\ t"UO~1. 'I'!lf: 'run, OF '!'In: 

('O'I"roS lIAII\'~:fj'I' '1'0 'tIn; Tun; m' CotT!)X SOWlllO.Egypt Min, 
Agl'. 'r(>ch. nnd S('f. Sur\,. Bul. 4, 10 JIll. 

(20) 	HOIlSOX, ~\, G.
In:H. SOln: .\SI'~:("I'S (W 'I'.IIt: 1I0r;fl o~· 'il'Nn:1t IX ISS~:(1'I' 1l111~:tt~A'1'l0":. 

1':('01. MOllog, 7: 27l-lUlI, IIIIIS. 

(271 Tsr~~:n. n. A" lind ];'~::-11'()S, p, A, 


1!):Il. I'ltf:I.L\lISAIt'· 1tl;I'OIt'1' os (,OX'I'ntll.l.rSII I'ISK 1I00,1.wn1tM IX n:x.\S 11': 
. \I'ls'n:1I ('I·I.TI'It.II. ~n;'I·lI()()S. ;IO(ll', T~(·oll. Ell!. 2·1: 7\);)-807, Illus. 

(!!R) .TIIIl:s'STO:s', H. n, 
HI!!!), I'ISK 1I00.I.WOII.\\. rl'I_"I'n:III1A lOoss'·l'n:r.I.A, SAl.lXII~:IIS) I ... '('lit: m:?IIt,\ 

"ISTIII(",' Of: 1'111; Ill'IM:\" I:\, 1027 AXil 1!J2S. ",(llIl'Olllll ~rl'OI), n('~. 
'['II/)S" Kltllrllllll, Bnt. St·l·t', lIul, 2(1, 27 PIl, 

(2{J) I\: Ir.\;>,', ~r, IIAII(J()~. 
W:':H, fj'I'run;1l I.~ I'r.A'I'YIlIlIt.\ (10~SYl'II'I.I,,1 S.\I':-IIlI·;ItS ('I'III~ I'IXI\: lI()r,I.\\'(lIt~\[ 

OF l'Ctl"I'O.'lJ IS 'l'Inl 1'1-:-;,[.\11, 'p'r, 'II" '(,In; IX('IIlI;XCI:: 01' I'r,A'IT~:lln" 
(jm!lWI'I~:Lf,"IS n~:I.,\·I'IOS Ttl ('1.1 ~I.\TI': (I O~tl-l 11:1 t I, 111111:111 .TOIlI'. 
Agl', Ht'l, ,'i :lIl1":!\.,I, II IliS. 

• 

(;Wj T.oPlIs, e. (',. ~1('Krssl-:Y. 1\:. 11.,1111(1 n,\'~S()X, \\'. K. 
1\)21. n~:I'(jIIT ():\" r~n:R'I'J(l,\TI!lXS (W '!'In: I'IXKIIOr,I~\I'OIt.\r. (W l'O'l'TOX IS 

m:Xl('(1, C. H. \)('pt ••\1-:1', nul. tll.R, {I., PII., lillii'. 
1:11) I',\Y~I~. ~1';r,I,I!' ,\1. 

H):!7. FIlI':I·:1.I~n .\XIl ~(·ltllI"\1. rW 1:\1l~;l'Th ,\'1' I,O\\' ·I'I::~II'lm.\'l·t·III':S. ,lOlli', 
.\trll'llh. lind I'hYRio!. ,I::: 1121 .. ;;·1(;, lilliS, 

(!I2 J 
11)27, ;\11-:.\81'111>8 01:' ISSI';(,'I' ('01,(1 1!\IIIlIX~:8Il, \linl. 1'.111. ;)2: 4·11)-157, lilliS, 

(;J!l) )'.I("n:'I', ;\lIx(lr.ll, 
100(1, m:s IlI,\I'Ann:8 ~:,\IB1n·(I"x.\lUf:R, r"\ltI',\m~;s ~;'I' XY~II'II,\f.~:S ('IU:?U:S 

IXSf:I"I'~:S "i"'lIJ()I"I'I'''I~:R. o('IIC\'/.' HoC'. L('\IIt1o\lt('l'ologiqlll' Bill. 
I! !ls-1 ;-,;{, III \IS. 

(:~.! J 
W07. 11(.\1',1 I'S~;S 1I1!1~:IlX,\I,~:S em:? r,~:s 1.1::I'lII(1!"I·I·:n~;s, .i\ I'('h. S!'l.l'h~·~. 

.xUt, ::!;{: 1:1021:10;;. 
(n;)) 

1000. 1)J,\I·.\I·I,a,~s Xnll'II,\l.f;H {,liE? Qn;I.Qn:s 1,(~I·IIJ()I·'I'i,"~;S. AI'cll. :-;(:1. 
l'h~';;.~n L 2i: .';7-HO, 

1111:1. IIE('III':II(III-:S "XI'(.,III'II';:-;'I'.\U;S .!Wlt ,,'11111";11;\',\'1'10;0; m: 1..\SIOC.I)II'.\ 
QI',,;Il(TS. (It.'lll'I'P HII(', f,('pl<lopt(ol'ologlflllf'S Bill. 2: ['170]-200, 

l!ll:t SOI'\"·:I.I,ER 1"'('III-:II"n..:s SI'!! l.'IIII1EII:\",\'I'IOX 1l1':S 1.(!;I'IUOI'Ti"II.;S. ;\I'('h. 
Rd, I'hy~, .\'a I, ;:;; : am-ao·1. 

t:\S) ltll'I':. 1'.\1'1. II, 
.!O:17. ~:FF~:(VI' OP '~(()IS'I'l'IIH ox ~:'lImGl':'1('E 01,' 'nn: 1I,\G\\'f:lm 1I01t1';1I 1'l'lIIr.I~~IA 

STltI,:;o;e.\XA \\',\I,IU:II, AXil ITS 1'.\lI,\SITES, ;10111', E(,OIl, j~lIt. ao: 
](It;, 1'1;', IIll1s. 

1::HI !tOIl!:\"SO'i, "'II.1.r.\~I, 
1H2H, \I',\T~:II ('O:'\8~;IIV.l'rrnx IX IXSI';<T!;. ;10111" 1':{'(lIl, 1':111. 21: SU7-002, 

111m;, 
(40) 

IfJ:!S, m:SI'(lXSI': .\XII .11I.\I''I'.\TI0'1 01' IXHf:l'TS '1'0 "xn:IlX.\I. STDII'I,r, Ell!. 
:-10(', .\111('1", ;\1111. !!l: -107-·117, lilliS, 

(41 ) ](01'11,11'11, K 

• 
'II':!:!. 1:'ITlII';S S"II U; s()~"n;lI. (I'lIln:1I l'III~;'DI.\G1;\'.\L IIES'ln;C'lIn:s, u:s 

('Y('I,~:il U',\HTII (.;;\'11, ~:T r.',I'l'IIEII\lOIlIWm III::.\I'T 1\"\x'n: SI'I(('I F.I Ql'H, 
Hili, BioI. I\(' III FI'al1('t' Pt BrIg, ;;(1: [,I;;;;'I,,;,'!'!, IJlIlS, 

( ,121 HI! t:r.FOIIIl, Y(("I'OII t-:. 
111211. 1 .. \lIOII.\'I'01:Y .\;\'I) t'lt:1.I1 ~:(,(lI,()n Y, nos P]l" 11111;:, !lnli i 1111\1'(', 

http:t'lt:1.I1
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SN)ON~:It, C. H. 
1027 • .I. S'I'eliY' O~"l'ln: (,.\'\'.\I.MlI~ ('ON'I'~::>;'l' O~· (,OlH~IXG lroTll1,,\IIYM:. Ill. ~(.t. 

HlHt. ~uCl'(Jy .Llul. Hi: ·!·!a-440. 
Sl2UIllE, p, A. ' 

11K17.•\ 'l'lIl';OIlY 01; 11I.\I''\US'' 'l:-;' I'LA'I'YEUIt.\ GOSS\,l'lI~l.r,,\ SAlTNU, 'J'\'OP, Agl', • 
('£I'[Uhhlll) 1,1: 20!H~Ol, mus. 

(·15) 
:IIHO. ()IJS~;IIVNI'IOXS 0:-;' '1'111': l,AII\'.\I'. IH.W.\USg O~' 'I'lm ['I:>;1\: llor,I.WOII~[, 

l'J..~'n'~)lJJl.\ (lOHSYJ"~U.A, SAliX!), HilI. )-JIlf•.HeH, 1\0: .171)-1$1, Illus. 

:w·IO, ox 'l'lIl{ XA'ITIU<! .\Xil 011101:-1 01,' 'l'm~ nf;\I'A\'RI': 11'1 l'I,.\'l''lI'!UIt.\ OOS
BYI'I~a,I..\, SAt~:n, /11\1. r~lIt. ({CS, a1: (1 [-G, lIIus, 

(·17) :;;tl;IXIII';II(l, D. ~I., anll KA~H;:>;~!I\:Y, ::-i, .\, 
lImO, U:H j'Jtlt\IJHS~;S m('(JW(JJQI'J~H JJJ{ J••~ JJI.\j',\ I'S~i m: J,()XOH'n;IlI'~ S'J'H."I'I

GAI.If;I, (P:I'JI)\JI"n:II,\, 1'\'IIAI,IIlM!), Uul, mol. lIe III l!'I'UIICC (It 
)11:115, j(): [IAGHI.H!J, llluH, 

HTOIIIW, G. 
1():!1. '1'1(1,: I'IU~SI':S'I' fll'I'I\\'I'lo:>; WI'I'II IO':U,1I1J) '1'0 TII~: ('ox'l'uor. (l\o' 'l'lm,l'lXK 

JI(JLr.\\'Olt~[ IX 1';O'(["j', l~gSIlt: ~1I1l. Agr. T('C!lJ. llJllI Sd. H('I'\'. 13\11. 
[(I, 10 I"P, 

(·11)) ~'I'U~:r,XII\\J\" I, 
:W:lU. W.\HH!'Unr I-' \ f'Z I'XI! flr,\I'.\ ('ill': m:r f,(lXOS'l'!':W~ s't'I("('[('M,rs, ;\('(((1. <ll'S 

HI'I. (', H. H, H, ('Olll[lt. Ul'lIll. (DOk,) (n, H, 1) to: [2117]-271. 
[riO) ~I.',\ YI.OH, 'I'. II. ~ '. 

lV:lO. 1II':I'IIU'I'!l.'i'\ yt,:,\\t'H 1.'i\'I':;)'I'IO,I'I'II) . ..;' (II' J'I ..I'I'Ylo:Jll:'\ !lOsSYI'na,r,,\ (PIN J( 

IH.II.I,WO\t~!1 l.'i 1'<l,I;o\I)'\' r~1.11t('1I\ I !J;)~, '1'0 AI'HlI., lO:HI), l~glll\t11l 
/)('[lL .\g-I',.\rlfl.Hpt, WHO (2) : lH~:~H, 

(;, L) 'I:U\\,:-1H 1';;0\ I), :\1. 'I.', 
lI)!.!fj, '1'111-; 11I:I';,II\ISll-I'I' ()Io' HI\I~:HXNI'lo.'i IX 'I'II~: (,Olll.lxn,\I(J'J'1l I.AII\'A, I·JIlt. 

Ho(', .\ IIIPI', ..\ 1I1l•.1\); ,I:!!l-'lau, 
(ii:.!) r 1'.\ Itill', n. 1', 

HI!!H, ',(lC!'.,.,,;; ,IXII (jJ(.\HHIWI'I'@ii, A IlAXflIlO(}I(F()(( 'I'WWt S','UII\' AXil COX· 
'l'i(lII .. a:i!! prl., lilliS, .Lom!oll. • 

(ft:1) • 
1\1:.11. I:";SI':("I':-; .\;'0:11 ('1.1)1.\'1'1-:, (o]Ilt. Hof', LOll(lOIl '1:I'/l1l5, 7\): t1J-!!,I7, lilliS, 

[:II) WIT.(.('O('I\,S, I," (', 
I!YI(J, "'/I~) H'U;~:("!' ,1.'11) IIm.. \'['F!1 I'I-:I"I'S (lP Iwn"I', I'. I, '/'In: IXS~;("I' .INII )a;

1,;\,1'1':11 I'~:S'I'S IX,lI'ltlOl'S '1'1) 'I'II~: ('OTTOX 1'1.,\:>;'1', 1'·1', L 'I'll" I'IXK 
1I00.r.\I'OIt~r, ::-illHlllllc AlP', 80(', !I:1fl Ill)" I1lw;, ('illl'!l, 

liiri) \\'ILl.I,I~I!l. C, II, 
11)2-1, '1'111': 1'1:-; K 1I()1.1.\\'()It~rI.X IWYI'l'IX III!!!!, I~~grl't 111111, Agl', Cotton 

H(',~, nIl. ~\IIIl, Hi'll. a ('ID:!:!) : [1.]-S, lilliS, 
(:i(l) ·Wor.CO'lul', <l, ;\" alld H~:!~, I"" ,II', 

HJ;n, 1••\ (I1n'IlA 1t01;"U,\ n~: 1..1 {',\I'Sl'I,,\ n~:r. ,\I.fll)u6x ~)X 1'\~~:It'l'O men, 1'\1('1'1:0 
Wen fmW[III' r';xpL Htn. (·iJ'., H;" 1}{ !lll., !IIus, 

• 
l~f)t Hille b~' Iho l)UII('r\lItl'lh]('lIt or DOelJlIIl'IIIB, U, H, (lnl'l.'rllllJ('lIt l'rilltlllj.; Olllcc 

WIIHIIIIIJ.;\QII :!(i, II, e, . l'rl"!' 10 C,'IlIH 
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